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Abstract
Neurostimulation remains the mainstay of treatment for 
patients with faecal incontinence who fails to respond 
to available conservative measures. Sacral nerve stimu-
lation (SNS) is the main form of neurostimulation that 
is in use today. Posterior tibial nerve stimulation (PTNS) 
- both the percutaneous and the transcutaneous routes 
- remains a relatively new entry in neurostimulation. 
Though in its infancy, PTNS holds promise to be an 
effective, patient friendly, safe and cheap treatment. 
However, presently PTNS only appears to have a minor 
role with SNS having the limelight in treating patients 
with faecal incontinence. This seems to have arisen as 
the strong, uniform and evidence based data on SNS 
remains to have been unchallenged yet by the weak, 
disjointed and unsupported evidence for both percuta-
neous and transcutaneous PTNS. The use of PTNS is 
slowly gaining acceptance. However, several questions 
remain unanswered in the delivery of PTNS. These 
have raised dilemmas which as long as they remain 
unsolved can considerably weaken the argument that 
PTNS could offer a viable alternative to SNS. This paper 
reviews available information on PTNS and focuses on 
these dilemmas in the light of existing evidence. 

EDITORIAL
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Core tip: Posterior tibial nerve stimulation though in 
its infancy, holds promise to be an effective, patient 
friendly and cheap treatment for faecal incontinence re-
fractory to available conservative options. However, sev-
eral questions remain unanswered and pose dilemmas 
regarding the delivery of this treatment. Solving these 
dilemmas could hold the key for unlocking the pathway 
for this treatment to be brought into the limelight. 

George AT, Maitra RK, Maxwell-Armstrong C. Posterior tibial 
nerve stimulation for fecal incontinence: Where are we? World J 
Gastroenterol 2013; 19(48): 9139-9145  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i48/9139.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i48.9139

INTRODUCTION
Neuromodulation is here to stay. Neurostimulation re-
mains at present the first choice treatment for fecally 
incontinent patients who have failed to improve with 
biofeedback, except for the small minority in whom 
where there is an underlying surgically repairable sphinc-
ter defect[1-3]. The first reported use of  the sacral nerve 
stimulation (SNS) for faecal incontinence (FI) was just 
under two decades ago[4]. However, over the past decade 
not only has the use of  neurostimulation increased expo-
nentially but the remit of  neurostimulation has widened 
to include the stimulation of  other nerves- primarily the 
posterior tibial nerve[5]. SNS for faecal incontinence re-
mains a time tested treatment with more than 50 series 
reporting on its use. A large meta-analysis has confirmed 
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on its use in improving the symptoms of  FI as well as 
improving the quality of  life of  the patients[6]. Posterior 
tibial nerve stimulation (PTNS) for faecal incontinence is 
relatively new with just under 20 studies being reported[7]. 
PTNS has been used mainly in the management of  uri-
nary incontinence[8,9]. Shafik et al[5] has been credited with 
attempting PTNS for faecal incontinence. PTNS can be 
performed either by using a more invasive percutaneous 
approach[5] where an inserted 34 gauge needle forms the 
route of  stimulation or by the less invasive transcutane-
ous “Qualtero” approach[10] where cutaneous pads re-
place the needle. Studies that have been done looking at 
the efficacy of  the percutaneous PTNS approach are far 
more than those which have looked at the less invasive 
transcutaneous approach. Though there have been no 
studies so far which have directly compared these two 
routes of  stimulation, indirect evidence points to a better 
efficacy for the percutaneous approach[11]. 

PTNS is usually delivered unilaterally, at the nerve’s 
most superficial position which lies just above and behind 
the medial malleolus. The area of  the nerve stimulated is 
quite small as the grounding electrode is usually placed 
in the instep. No evidence exists as to any dominance of  
the left or right tibial nerve unlike the pudendal nerve[12].

DILEMMAS IN TREATMENT
Treatment protocols dilemmas
There remains a lack of  an effective and standardised 
treatment protocol for both percutaneous and transcuta-
neous PTNS (Table 1). 

Shafik et al[5] in 2003 reported giving 30 min of  percu-
taneous PTNS stimulation on alternate days for a period 
of  four weeks. Though there is now a general consensus 
that patients require 12 wk of  continuous treatment and 
that each treatment episode should last 30 min, there is 
no uniformity on how this should be given. Studies have 
given a single 30 min session of  PTNS once a week for 
12 wk while others have given two 30 min sessions a 
week for 6 wk[13-15]. Three prospective studies of  percuta-
neous PTNS from the same institution have used either 
once a week or twice a week patterns of  treatment with 
no apparent differences in efficacy[16-18]. The superiority 
of  one approach over the other remains yet remains to 
be demonstrated. The National Institute of  Clinical Ex-
cellence (NICE) suggests both patterns could be adapted 
depending on patient response[19]. It is logical that the 
onset of  symptom improvement for the patient will only 
occur later on into the treatment using the once a week 
regime compared to the twice a week regime. The once 
a week treatment can help alleviate hospital workloads 
and may be more acceptable to the patient. However, 
the onset of  symptom improvement for the patient on 
a once a week regime could be delayed which may have 
a potential for more patient dropouts. All percutaneous 
PTNS studies so far have utilised unilateral stimulation. 
There remains the unexplored question as to whether 
bilateral percutaneous PTNS could be more effective- 

given that a recent pilot study on bilateral transcutaneous 
PTNS has shown better efficacy compared to unilateral 
stimulation[14,20].

The same treatment protocol dilemma exists for 
transcutaneous PTNS as well. Queralto provided patients 
with unilateral daily stimulation for 20 min for 4 wk and 
showed an 80% improvement in incontinence severity 
scores[10]. Eléouet et al[21] reported 63% improvement fol-
lowing a 20 min of  unilateral twice daily stimulation for 
1 mo. Vitton et al[22,23] attempted transcutaneous PTNS 
once daily for 3 mo on two groups of  patients and 
reported a 41% and 54% improvement in symptoms. 
George at al attempted unilateral transcutaneous PTNS 
twice a week for 6 wk and reported a 45% improvement 
in symptoms[11]. Leroi et al[24] reported no improvements 
in the transcutaneous arm compared to the sham group 
following 20 min twice daily sessions for 3 mo. Thomas 
et al[25] suggested in a pilot study that daily stimulation 
may offer a better response compared to a twice weekly 
regime. A more recent variation has been the application 
of  transcutaneous PTNS as a daily bilateral stimulation 
for 6 wk which has been reported to be more effective 
than the unilateral approach[14,20]. Only in one study was 
the transcutaneous PTNS stimulation provided in a hos-
pital setting[11] while all the other studies required patients 
to apply the stimulation themselves at home after being 
trained. 

Stimulation endpoint dilemmas
The stimulation end point for the transcutaneous PTNS 
was to look for a motor response which was visualization 
of  rhythmic flexion of  toes during stimulation[10]. Inten-
sity of  stimulation was then turned down to just below 
the threshold required for motor contraction. This seems 
to be a common end point for stimulation in most of  
the transcutaneous PTNS studies except the published 
RCT[11] where a sensory and a motor response was sought 
and a study by Vitton et al[23] where a sensory response 
was looked for.

However, the end point for stimulation for percutane-
ous PTNS remains uncharted with no specific end points 
described to confirm effective stimulation. Percutaneous 
PTNS can cause both a sensory and a motor response. 
The motor response is flexion of  the big toe or fanning 
of  all toes; the sensory response is a tingling sensation 
felt on the foot radiating to all of  the toes[26]. The origi-
nal paper by Shafik et al[5] looked for a motor response 
following stimulation. However, subsequent studies 
introduced a sensory response as an endpoint for stimu-
lation[16-18]. The voltage used and the intensity of  stimula-
tion to achieve a sensory response remains lower than the 
intensity required to achieve a motor response[26]. This 
could imply that the voltage used for eliciting a sensory 
response alone could be sub-optimal without the full po-
tential of  the treatment being realised. This could in turn 
be reflected in lower treatment response rates. 

Using the presence of  either a motor or a sensory 
response could imply different treatment levels for differ-
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ent patients. In addition, patients with diabetes mellitus 
or with peripheral neuropathy could have an impaired 
sensory response or none at all. The published RCT used 
the presence of  both a motor and sensory response as 
the end point for effective stimulation[11]. The presence 
of  a combined motor and sensory response on PTNS 
has been reported to be better associated with a suc-
cessful outcome than the presence of  either a motor or 
a sensory response alone[27]. However, this could cause 
patient discomfort as higher voltages required for achiev-
ing a motor response may have the potential to cause 
discomforting sensory stimulations in some patients. The 
CONFIDENT multicentre randomised controlled trial 
(ISRCTN 88559475) presently underway in the United 
Kingdom utilises either a sensory or a motor response as 

an endpoint for stimulation.

Efficacy dilemmas
Percutaneous PTNS for FI remains a relatively new and 
untested treatment with only 12 studies, one randomised 
controlled trial[11] and one review[28] having been published 
to date on its use. The only published RCT on PTNS 
only reports on a 6 mo follow-up[11]. There remains no 
doubt regarding the short term efficacy of  PTNS which 
are comparable to that of  SNS. However, the true test 
of  the effectiveness of  PTNS would be its efficacy in 
the medium and long term. This is crucial as this could 
validate its effectiveness as a treatment option for faecal 
incontinence rather than a stepping stone towards SNS. 
There is a dearth of  information on such results though 
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Table 1  Posterior tibial nerve stimulation evidence summary  n  (%)

Ref. Patient (n ) Type of PTNS Time, frequency and duration of 
therapy

Follow-up Stimulation 
endpoints

Efficacy Study 
classification

Shafik et al[5]   32 Pct 30 min, alternate days 22 mo Motor 27 (84) Nonrandomised
4 wk controlled

Queralto et al[10]   10 Tct 20 min, daily   4 mo Motor   8 (80) Prospective 
uncontrolled4 wk

Mentes et al[43] 21 (spinal) Pct 30 min, alternate days   3 mo Motor     2 (100) Prospective 
uncontrolled4 wk

Vitton et al[22] 122 (IBD) Tct 20 min, daily   3 mo Sub sensory   5 (42) Prospective 
uncontrolled12 wk

Babber et al[44]     8 Pct 30 min, weekly   3 mo Not specified   7 (87) Prospective 
uncontrolled12 wk

De La Portilla et al[41]   16 Pct 30 min, weekly   6 mo Motor and 
sensory

10 (62) Prospective 
uncontrolled12 wk

Vitton et al[23]   24 Tct 20 min, daily 15 mo Sub sensory 13 (54) Prospective 
uncontrolled12 wk

Govaert et al[42]   22 Pct 30 min, twice weekly 12 mo Motor and/or 
sensory

18 (82) Prospective 
uncontrolled6 wk

3Boyle et al[18]   31 Pct 30 min, weekly 14 mo Motor or 
sensory

21 (68) Prospective 
uncontrolled12 wk

Findlay et al[45]   13 Pct 30 min, weekly   4 mo Sub motor 12 (92) Retrospective
12 wk uncontrolled

Eléouet et al[21]   32 Tct 20 min, twice daily   6 mo Motor 20 (63) Prospective
4 wk uncontrolled

3Allison[17]   90 Pct 30 min, twice weekly or weekly; 6 
or 12 wk

21 mo Motor or 
sensory

69 (77) Prospective
uncontrolled

3Hotouras et al[16] 100 Pct 30 min, twice weekly or weekly; 6 
or 12 wk

  6 mo Motor or 
sensory

85 (85) Prospective
uncontrolled

Leroi et al[24] 144 Tct 20 min, twice daily   3 mo Sub motor 34 (47) Randomised
3 mo controlled trial

George et al[11]   11 Pct 30 min, twice weekly   6 mo Motor and 
sensory

  9 (82)
6 wk Randomised

  11 Tct 30 min, twice weekly   6 mo Motor and 
sensory

  5 (45) controlled trial
6 wk

Thomas et al[25]   15 Tct 30 min, daily   6 wk Sensory   3 (20)
6 wk Prospective 

randomised
  15 Tct 30 min, twice weekly   6 wk Sensory 0 (0)

6 wk
Moreira et al[46]   10 Pct 30 min, weekly   3 mo Not specified   6 (60) Prospective

12 wk uncontrolled
3Hotouras et al[30] 150 Pct 30 min, twice weekly or weekly; 

3 mo
26 mo Motor or 

sensory
60 (52) Prospective

uncontrolled

1Study included spinal injury patients; 2Study included patients with inflammatory bowel disease (IBD); 3Studies from the same institution - possibility of 
duplication of results. PTNS: Posterior tibial nerve stimulation; Pct: Percutaneous posterior tibial nerve stimulation; Tct: Transcutaneous posterior tibial 
nerve stimulation.
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advantage that such treatments can be undertaken by the 
patient in the comfort of  their own homes as well as the 
fact that the costs for such top-ups will be very low[20].

 In comparison to SNS where the treatment effects 
are short-lived following the withdrawal of  treatment, 
PTNS appears to confer a slightly longer lasting effect 
(albeit with a declining efficacy). However, a recent study 
on SNS has shown persisting efficacy even after the de-
vice was switched off  which may bring it to par with the 
longer effects of  PTNS[31].

The heterogeneity of  follow-up regimes for PTNS 
makes it difficult to assess exactly the long-term effects 
of  its treatment. Furthermore, only a few studies have 
performed rigorous assessment of  “top-up” regimes to 
maintain efficacy. Further work needs to be done on the 
follow-up of  patients who benefit from PTNS to accu-
rately assess the duration of  efficacy.

COST IMPLICATIONS
The present worldwide financial crisis has thrown into 
stark view the cost implications of  neurostimulation. 
The direct medical costs for PTNS remain nearly ten 
times cheaper compared than those for SNS[17,32,33]. In 
PTNS itself  the costs between percutaneous and trans-
cutaneous PTNS also varies significantly. Percutaneous 
PTNS requires a re-usable stimulator 9V stimulator 
(Urgent PC®, Uroplasty Inc., United States) along with 
12 disposable single-use leads. The disposable kits with 
12 individually packed sterile stimulation units and a 
disposable battery for the Urgent PC stimulator unit 
costs £480 and are sufficient for the full treatment of  
12 sessions[26,34]. The cost for the Urgent PC stimulator 
unit (Uroplasty, Berkshire, United Kingdom) is £1000. 
However, the reusable nature of  the stimulator unit can 
reduce the costs of  multiple treatments. 

The costs for transcutaneous PTNS remain even 
smaller with the 50 mm × 50 mm self-re-usable adhe-
sive surface electrode stimulation pads (Model VS.5050; 
Premier Medical Products, Bedford, United Kingdom) 
costing £1 per pair. The stimulator unit used is the Neu-
roTrac Continence Neurostimulator (Verity Medical Ltd, 
United Kingdom) costs $80 and can be re-used as the 
percutaneous stimulator[20]. 

SNS involves the in-vivo implantation of  highly ad-
vanced technological devices and both the temporary and 
permanent wires were implanted under general anaesthe-
sia. The higher costs for SNS arise due to the two-stage 
procedure along with associated pre- and post-operative 
care. The equipment only costs of  SNS (2008 tariffs) 
were $526 for the temporary implant and $13500 for the 
permanent implant[35]. However, the actual charges levied 
for these procedures vary. Reports of  costs for the ini-
tial temporary procedure for SNS vary from $1300[35] to 
about $5300[33]. Costs for the permanent implant proce-
dure also varies from $14500[35] to about $21200[33]. Per-
forming the initial stage of  SNS under local anaesthesia 
appears to be more patient friendly and cheaper[36-38]. 

early reports from Hotouras et al[15,16] who has published 
on the largest group of  PTNS patients so far (n = 100) 
reports a possible sustained efficacy for PTNS after 42 
mo of  follow-up[29]. However, this group[16-18] provided 
percutaneous PTNS as the first line therapy for fecally 
incontinent patients without assessing whether they were 
refractory to other non-interventional treatments[19]. This 
could perhaps imply that some of  their patients would 
have had improvement in symptoms with other less in-
vasive treatments had this been attempted. The CONFI-
DENT multicentre randomised controlled trial (ISRCTN 
8855947) which is presently underway across 14 centres 
in the United Kingdom may shed more light on the true 
short term efficacy of  PTNS though only the percutane-
ous approach is compared to a sham route of  stimula-
tion. Though this study recruits patients who have been 
refractory to other less invasive therapies, the lack of  any 
form of  standardisation nationally for such therapies na-
tionally remains notable. 

The efficacy of  transcutaneous PTNS remains even 
more untested with only a handful of  studies which have 
looked at this approach to PTNS. Though several stud-
ies have reported symptoms improvements in patients a 
recent multicentre trial reported no improvements fol-
lowing stimulation and concluded that unilateral transcu-
taneous PTNS was no more effective than sham stimula-
tion[24]. Patients were exposed to stimulation for 20 min 
twice daily for 3 mo[24]. However, a new pilot study has 
looked at bilateral transcutaneous PTNS and found it to 
be effective compared to unilateral stimulation[20].

FOLLOW-UP DILEMMAS
There remain no standardised follow-up and top-up 
regimes that can be used for percutaneous and transcu-
taneous PTNS. Most studies report efficacy only at the 
end of  the 6 or 12 wk treatment period. The first percu-
taneous PTNS study reported a relapse of  symptoms in 
29% of  patients with the majority of  patients improving 
with further treatment though the exact regime for such 
follow up treatment was not reported[5]. Almost all stud-
ies on PTNS mention the need for “top-up” treatments. 
However there remains no clarity as to whether such top-
up sessions should be offered only when patients report 
back due to recurrence of  symptoms or whether such 
sessions should be offered at lengthening intermittent 
intervals after the intense initial treatment period. One 
study on percutaneous PTNS reported good efficacy 
with a median of  one 12 monthly top-up session[15]. Reg-
ular percutaneous PTNS top-ups at lengthening intermit-
tent intervals resulted in a sustained therapeutic effect for 
urological dysfunction[13]. New studies on PTNS make 
inroads into this aspect though this has to be verified 
through more independent trials[30].

The same dilemmas exist for transcutaneous PTNS as 
well. The efficacy following transcutaneous PTNS lasts 
for about 3 wk post treatment[20]. Though there is no 
definite top-up regimes recommended there remains the 
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One of  the underlying concerns regarding PTNS 
remains on the follow up post treatment and the hidden 
costs for these which may outweigh the initial costs sav-
ings. Running an SNS service is expensive[39]. However, 
there remains the possibility that the costs for maintain-
ing the efficacy of  PTNS in patients may be higher as 
they remain yet unknown. Conflicting reports on the cost 
effectiveness of  both procedures are available[7]. A two-
year follow up of  percutaneous PTNS in patients with 
faecal incontinence from one center reported that PTNS 
became cost effective after the first year of  treatment[17]. 
However, another study which compared SNS to PTNS 
at 5 years post treatment for urological dysfunction 
reported that SNS therapy became much more cost ef-
ficient compared to PTNS[40]. Unlike SNS, running costs 
and long term follow up expenses for PTNS lacks clarity 
given the absence of  a uniform and universally accepted 
follow up protocol along with the dearth of  independent 
medium and long term follow up data on “successfully” 
treated PTNS patients. 

Future for PTNS?
There remains no question that SNS is less patient friend-
ly and more expensive than PTNS in the short term[33]. 
Early attempts to make SNS more patient friendly have 
experimented at less invasive forms of  SNS administra-
tion using a transcutaneous Percutaneous PTNS though 
minimally invasive does not require any operative pro-
cedures or a hospital inpatient stay. Patients also do not 
require a 3 wk trial phase which presently exists for SNS 
with insertion of  a temporary SNS wire and a permanent 
implant subsequently if  successful. Percutaneous PTNS 
has the potential to be delivered through a primary care 
setting using perhaps the abilities of  specialist nurses who 
could provide these services on an outpatient basis. This 
could drive the costs of  PTNS down even further.

Transcutaneous PTNS has the unique potential of  
being a treatment which is truly “by the patient, for the 
patient”. FI can be socially crippling with patients some-
times being unwilling to leave the safety of  their own 
homes for fear of  incontinent episodes[41]. Transcutane-
ous PTNS may hold promise as a treatment which pa-
tients can self-administer safely, cheaply and effectively in 
the comfort of  their own homes[20].

Presently PTNS appears to have the role as a stepping 
stone towards SNS in patients with faecal incontinence. 
Efficacy of  transcutaneous PTNS has been used as a 
predictor for suggesting efficacy of  SNS[42]. However, 
the question remains as to why patients should choose a 
potentially less patient friendly and clinicians should offer 
a more expensive and invasive treatment in the form of  
SNS when PTNS is available-albeit, in its infancy. This 
seems to have arisen as the strong, coherent, uniform 
and evidence based data on SNS remains to have been 
unchallenged yet by the weak, incoherent, disjointed and 
unsupported evidence for PTNS. A pilot study compar-
ing SNS and percutaneous PTNS (UKCRN ID 10479/ 
MREC ID 10/H 0808/38) may help shed more light on 

direct comparison between the two treatments.
The true role for PTNS remains yet to be validated 

and time tested - as SNS has been. However, the ques-
tion as to whether SNS and PTNS become “brothers in 
arms” in treating FI or whether this may yet turn out to 
be the “David vs Goliath” battle will be answered only 
once PTNS has come into its prime.
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modulation and trials of specific immunosuppression 
regimens post-transplant are lacking in this patient pop-
ulation. Based on pre-transplant data, sustained weight 
loss through diet and exercise is the most effective 
therapy for NAFLD. Other agents occasionally utilized 
in NAFLD prior to transplantation include vitamin E and 
insulin-sensitizing agents. Studies of these therapies are 
lacking in the post-transplant population. A multimodal-
ity and multidisciplinary approach to treatment should 
be utilized in management of post-transplant NAFLD.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is a 
prevalent indication for liver transplantation. It also poses 
a risk to organ donation, with decreasing rates of suitable 
allografts. NAFLD frequently recurs in the allograft or 
develops de novo. Post-transplant recurrence is related 
to obesity and immunosuppression associated metabolic 
derangements. A polymorphism in PNPLA3 also increases 
recurrence risk. Pre-transplant data favors sustained 
weight loss through diet and exercise as the most effec-
tive therapy for NAFLD. Vitamin E and insulin-sensitizing 
agents are occasionally used. Trials on immune-suppres-
sion regimens in this population are sorely needed. A 
multimodality approach to treatment should be utilized 
in management of post-transplant NAFLD.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is one of the 
most prevalent causes of chronic liver disease world-
wide. In the last decade it has become the third most 
common indication for liver transplantation in the United 
States. Increasing prevalence of NAFLD in the general 
population also poses a risk to organ donation, as al-
lograft steatosis can be associated with non-function 
of the graft. Post-transplant survival is comparable 
between NAFLD and non-NAFLD causes of liver dis-
ease, although long term outcomes beyond 10 year 
are lacking. NAFLD can recur in the allograft frequently 
although thus far post transplant survival has not been 
impacted. De novo NAFLD can also occur in the al-
lograft of patients transplanted for non-NAFLD liver dis-
ease. Predictors for NAFLD post-transplant recurrence 
include obesity, hyperlipidemia and diabetes as well as 
steroid dose after liver transplantation. A polymorphism 
in PNPLA3 that mediates triglyceride hydrolysis and is 
linked to pre-transplant risk of obesity and NAFLD has 
also been linked to post transplant NAFLD risk. Although 
immunosuppression side effects potentiate obesity and 
the metabolic syndrome, studies of immunosuppression 
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EPIDEMIOLOGY OF NON-ALCOHOLIC 
FATTY LIVER DISEASE AND 
ASSOCIATED ADVANCED LIVER 
DISEASE
Non-alcoholic fatty liver disease (NAFLD) is the most 
prevalent chronic liver disease in the developed world with 
a prevalence averaging 20% in the ulcerative colitis[1,2]. 
Its incidence in the developing world is also increasing 
sharply[3]. Prevalent in adults, it has also become the most 
common chronic liver disease in children[4]. Mirroring the 
epidemic of  obesity, it is closely related to the metabolic 
syndrome particularly diabetes and dyslipidemia in as-
sociation with truncal obesity[5]. Prior to the widespread 
recognition of  NAFLD which was first described as a 
separate clinic-pathologic entity in 1980[6], many cases of  
NAFLD were likely classified as cryptogenic liver disease 
and cryptogenic cirrhosis (CRC). In a study where 39 liver 
transplant candidates diagnosed with CRC were care-
fully re-evaluated, 44% had prior biopsy consistent with 
NAFLD or clinical features of  the metabolic syndrome[7].

Although NAFLD has been associated with excess 
mortality compared to the general population (Hazard ratio 
1.34)[8], the natural history of  NAFLD is often one of  slow 
progression. In patients with isolated steatosis (fatty liver) 
the course of  liver disease can be frequently benign[9,10]. 
The progressive form of  NAFLD known as Non-alcoholic 
steatohepatitis (NASH) is associated with hepatocyte dam-
age and consequently can lead to fibrosis as well as cirrho-
sis and end-stage liver disease[11]. Recently data about the 
natural history of  NAFLD related cirrhosis was reported 
from four international referral centers. In this study, pa-
tients with NAFLD or hepatitis C virus (HCV) associated 
compensated (Childs A) cirrhosis were enrolled. Over the 
long term (mean follow up 86 mo for NAFLD and 75 mo 
for HCV), the incidence of  liver related complications and 
hepatocellular carcinoma (HCC) was lower for NAFLD 
than for HCV. The probability of  remaining free from liver 
related decompensation was 81.5% in the NAFLD cohort 
and 76.5% in the HCV cohort at 120 mo of  follow up with 
a higher incidence of  complications in HCV when adjusted 
for age, sex, body mass index and diabetes (P = 0.03). The 
incidence of  HCC over follow up was 2.4% in the NAFLD 
cohort and 6.8% in HCV. Despite these differences, the 
incidence of  cardio-vascular disease and overall mortality 
were similar between NAFLD and HCV patients (82% sur-
vival at 120 mo in both cohorts)[12]. 

LIVER TRANSPLANTATION INCIDENCE 
FOR NAFLD
The incidence of  liver transplantation related to NAFLD 
has exploded in the last decade[13]. Although some of  the 
reported increase in incidence of  NAFLD related liver 
transplantation is due to increased recognition of  patients 
previously classified as CRC, the increased incidence of  
NAFLD related liver transplantation is real. Even if  the 

majority of  CRC related liver transplants in prior eras 
were due to unrecognized NAFLD, the magnitude of  
increase in transplants for NAFLD far outweighs any 
classification bias[13]. In an audit of  United States national 
transplant data (SRTR), liver transplants attributed to 
NAFLD related liver disease increased from 1.2% in 2001 
to 9.7% by 2009 and this is now the third most common 
indication for liver transplantation in the United States[13]. 
In this study patients with NAFLD receiving a liver trans-
plant were older, more likely to be females, had higher 
body mass index (BMI) and were less likely to have HCC 
at transplant compared to all other recipients.

There have been concerns about bias in transplant 
evaluation and listing of  patients with NAFLD related 
cirrhosis. NAFLD patients are on average older at pre-
sentation and have higher rates of  obesity and metabolic 
syndrome raising concerns about worse outcomes of  
transplant in these patients including increased risks of  
cardiovascular disease and chronic kidney disease. In a 
study from a single liver transplant center, the cohort of  
NAFLD patients with MELD less than 15 at listing were 
found to progress more slowly compared to patients 
with HCV and were more likely to die on the waiting 
list or be taken off  the transplant list due to becoming 
“too sick”[14]. However for patients who were listed with 
MELD scores over 15 there were no differences in rate 
of  progression of  end-stage liver disease, listing rate and 
receipt of  liver transplantation. In another study, patients 
with NAFLD were equally likely than non-NAFLD pa-
tients to undergo liver transplant evaluation, listing and 
transplantation. In this single center study, NASH pa-
tients were older, had similar rates of  HCC but increased 
rates of  other prior cancers by history. In addition dia-
betes and complications of  metabolic syndrome were 
more prevalent in NASH patients. NAFLD patients 
also had higher creatinine levels at transplant listing than 
non-NAFLD patients[15]. Routine audits of  multicenter 
and national data will have to be done to see if  NAFLD 
patients are indeed at a disadvantage for evaluation and 
listing due to these concerns.

OUTCOMES AFTER LIVER 
TRANSPLANTATION FOR NAFLD
Survival after liver transplantation for NAFLD
Outcomes after liver transplantation in patients with  
NAFLD have been reported in both large national database 
audits as well as from single center studies. These studies 
have been restricted to adult recipients (> 18 years) of  liver 
transplants. In the pediatric population although NAFLD 
is common, it is a rare indication for liver transplantation[16] 
(Table 1).

The national databases (UNOS and SRTR) studies 
have looked at outcomes at 1 year and beyond after liver 
transplantation (Table 1). Overall 1-year, 3-year and 5-year 
survival has been comparable between NAFLD and non-
NAFLD recipients[13]. In more specific sub-analyses of  
the same databases post-transplant survival for NAFLD 
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NAFLD recurrence after liver transplantation
Recurrent NAFLD is common[22,26,27]. The recurrence rate 
depends to some extent on the methodology chosen for 
detection, (i.e., evaluation of  abnormal liver enzymes, liver 
biopsy, imaging techniques). Use of  liver enzymes alone 
is fairly insensitive as a significant proportion of  patients 
with NAFLD recurrence have normal liver enzymes.

Metabolic syndrome including obesity, diabetes, hy-
perlipidemia and hypertension are all increased in preva-
lence after transplantation linked largely to immune-
suppression use, particularly steroid use and calcineurin 
inhibitors. Other factors include post-transplant weight 
gain due to reduced mobility, at least in the early period 
and these factors all contribute to recurrence of  NAFLD 
in the allograft[28]. 

In some studies the risk of  allograft steatosis was in-
creased by the presence of  the rs738409 single nucleotide 
polymorphism (SNP) in the PNPLA3 gene in the recipi-
ent[29] as well as post-transplant obesity and diabetes[28]. 
This polymorphism (rs738409:I148M) in PNPLA3 has 
been associated with reduced triglyceride hydrolysis in the 
adipocyte and increases the risk of  developing NAFLD 
and NASH in the general population[30]. The presence of  
this SNP in PNPLA3 in the donor has not been associ-
ated with development of  allograft steatosis, obesity and 
diabetes. Thus the role of  peripherally mediated triglyc-
eride hydrolysis (in extrahepatic adipose tissue) seems to 
account for risk of  NAFLD recurrence rather than liver 
related triglyceride hydrolysis, at least in post-transplant 
NAFLD[28,29].

In a study that systematically re-examined post-trans-
plant biopsies and imaging, recurrent NAFLD was seen 
in 39% (34/88), with NASH in 25 and isolated steatosis 
in 9 of  these 34 patients within 5 years post-transplant. 
Severe recurrence (NAS score ≥ 5) or advanced fibrosis 
was seen in 6 of  the 34 with recurrent NAFLD[26]. NAFLD 
recurrence was correlated with pre and post-transplant BMI 
and post-transplant triglyceride levels and prednisone dose 
at 6 mo post-transplant. In this study post-transplant sur-
vival was similar between those with NAFLD recurrence vs 
those without.

Other studies have showed similar rates of  NAFLD re-
currence with one study showing recurrent NAFLD in 20 
of  83 (24%). The metabolic syndrome and insulin use were 
linked to recurrent NAFLD in this study[27].

Yalamanchili et al[22] reported long term outcomes with 
post-transplant NAFLD recurrence. In this study, recur-
rent steatosis was reported in 45% of  NAFLD transplant 
recipients and NASH was less common occurring in 4%. 
Advanced allograft fibrosis or cirrhosis was reported in 
5% by 5 years and 10% by 10 years post transplantation 
and was more common in those with recurrent NASH 
(31%) vs those with steatosis alone (6%) or no steatosis 
(3%). In this study survival was similar at 1, 5 and 10 years 
in those with NAFLD and those with other liver diseases 
at transplant. Death from cardiovascular disease was more 
common than due to recurrent liver disease attesting to the 
strong link between the factors that predict development 

of  NAFLD (Metabolic syndrome) and cardiac disease[22]. 
Other studies have also not shown reduced survival 

with NAFLD recurrence so far[26], although studies have 
been limited by a dearth of  long term follow up (10 
years or more) for large number of  patients. 

In patients transplanted for CRC, NAFLD has been 
reported to occur post transplantation and may be due to 
recurrent disease in a significant number of  these patients 
who likely had undiagnosed NAFLD prior to transplan-
tation. In one study steatosis alone developed in 25% 
and NASH in 16% of  patients transplanted for CRC[31]. 
Predictors for post-transplant NAFLD in this population 
included pre or post-transplant diabetes, hypertriglyceri-
demia and higher BMI. In another study of  thirty CRC 
patients who had the NAFLD phenotype (metabolic 
syndrome) prior to liver transplantation, recurrent steato-
sis was seen in 100% by 5 years post-transplant. Steroid 
dose was correlated with development of  post-transplant 
NAFLD[32]. 

Very few if  any data exist on risk of  HCC in NAFLD 
and outcomes for these patients after transplantation. In 
a single center study, 17% of  NASH cirrhosis patients 
referred for liver transplantation had HCC (6 noted inci-
dentally on explant) which was higher than the number 
of  patients with PBC/PSC with HCC and similar to 
ALD and HCV with HCC. Survival in NASH and HCC 
patients was good after liver transplant with 88% sur-
vival at a mean follow-up of  2.5 years[33]. 

DEVELOPMENT OF DE NOVO NAFLD 
AFTER LIVER TRANSPLANTATION 
De novo NAFLD has been reported after liver transplan-
tation in recipients who did not carry the diagnosis of  
NAFLD prior to liver transplantation. The incidence of  
de novo NAFLD after liver transplantation has ranged from 
18% to 33%[34-36] with the progressive form NASH report-
ed in 9% in one report[34]. In a study with liver biopsies 
done as protocol at 1, 5 and 10 years post-transplantation, 
as well as for clinical indications, the incidence of  de novo 
NAFLD (defined as steatosis greater than 5% after more 
than 6 mo post liver transplantation) was 31% in 599 re-
cipients with an average follow up of  40 mo. Histological 
NASH was present in only 3.8%, but perisinusoidal fibro-
sis was present in 29% and advanced fibrosis/cirrhosis in 
2.25%[37]. The increased incidence of  perisinusoidal fibro-
sis without steatohepatitis has not been well described in 
non-transplant populations and may represent a modified 
presentation in immunesuppressed individuals who may 
not present with brisk inflammatory response. In addition 
51% of  the recipients with de novo NAFLD had normal 
liver enzymes in this study attesting to the importance of  
liver biopsies and possibly imaging in accurately diagnos-
ing NAFLD. 

Factors associated with de novo NAFLD include post-
transplant obesity, post-transplant diabetes, hyperlip-
idemia and hypertension[37]. In addition tacrolimus was 
also associated with recurrent NAFLD and this drug has 
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been well described as having an increased risk for devel-
oping diabetes[38]. 

In addition in this study a pretransplant diagnosis of  
alcoholic cirrhosis was associated with an increased risk 
of  de novo NAFLD. In this study patients with recurrent 
alcoholism and recurrent hepatitis C or hepatitis B were 
excluded from the analysis as these conditions can lead 
to steatosis. The increased risk of  de novo NAFLD in pa-
tients with prior ALD may reflect an underlying predis-
position to NAFLD that could not be diagnosed prior to 
transplantation due to the concomitant alcoholic steato-
hepatitis. Donor allograft steatosis was also more preva-
lent in the group that developed de novo NAFLD (30%) 
as compared to the group that did not develop NAFLD 
(12.65%). This study did not quantify the degree of  he-
patic steatosis and nor were any genetic polymorphisms 
tested for in the donor. Other studies have suggested 
that donor polymorphisms that regulate cytokine release, 
inflammation and microsomal triglyceride transfer may 
be important in risk of  developing NAFLD[39]. Protec-
tive factors against de novo NAFLD may include use of  
Angiotensin converting enzyme inhibitors[40], although 
this approach has not been tested in a trial.

The consequences of  de novo NAFLD are not well 
known. In the study mentioned above complete regression 
occurred in 13 % (all with grade 1 steatosis initially), reduc-
tion of  steatosis was seen in 35%, stability in 22%, and ex-
acerbation in 30%. Higher prevalence of  obesity was pres-
ent in those with progression of  histological liver disease[34]. 

In patients with hepatitis C the risk of  developing de 
novo NAFLD is higher and can be linked to recurrence 
of  hepatitis C[35]. Development of  de novo NAFLD in the 
allograft can reduce the response rate to current antiviral 
therapy for hepatitis C and thus impact graft and patient 
outcomes[35].

MANAGEMENT OF NAFLD AFTER LIVER 
TRANSPLANTATION
There have been no published trials of  pharmacotherapy 
specifically for post-transplant NAFLD. Analysis of  the 
predictors of  post-transplant NAFLD recurrence and data 
from non-transplant therapeutic studies on NAFLD sug-
gest that sustained weight loss through a combination of  
dietary changes and exercise are most successful in revers-
ing the histological findings of  NAFLD[40], and improving 
biochemical and metabolic parameters including liver en-
zymes, insulin resistance, lipid levels and blood pressure in 
this condition[41]. 

Studies on pharmacotherapeutic agents in non-trans-
plant patients suggest a role for vitamin E in selected in-
dividuals. In non-diabetics a large randomized controlled 
trial over 48 wk improved the histological features and 
liver enzymes in NAFLD[42]. Recent concerns about risk 
of  prostate cancer[43] and risk of  cardiac disease in sus-
ceptible individuals[44], as well as lack of  long term data on 
sustained efficacy and safety may limit its usefulness in the 
post-transplant population. 

The use of  PPAR-gamma agonists (e.g., Pioglitazone) 
improves insulin resistance and has shown some promise 
in reversing NAFLD in non-transplant patients[45,46]. In 
a large randomized controlled trial however it was not 
superior to placebo and inferior to vitamin E in reversing 
NAFLD[42]. This class of  agents is also associated with 
weight gain and this also limits its utility in treatment of  
NAFLD[45,46]. 

Pharmacologic treatment of  clinically overt diabetes, 
dyslipidemia and hypertension should be carried out as 
per best practice guidelines for managing these condi-
tions[46] and in multidisciplinary teams involving the 
transplant team, primary care providers[47], diabetes spe-
cialists and preventive cardiologists.

Given that to a large extent immune-suppression ex-
acerbates or promotes the development of  the metabolic 
syndrome, immunosuppression modulation should be 
considered in patients with recurrent NAFLD or at risk 
of  developing recurrent or de novo NAFLD. In particular 
minimization or avoidance of  steroids, minimization 
of  calcineurin inhibitor dose and levels and avoiding 
sirolimus in patients with hyperlipidemia is important in 
the management of  NAFLD, obesity and metabolic syn-
drome post liver transplantation. 

Bariatric surgery for obesity and morbid obesity has 
shown promising results in non-transplant patients and 
can reverse some of  the metabolic consequences related 
to obesity such as diabetes[48]. Limited series have reported 
successful bariatric surgery specifically in patients with 
NAFLD[49], and in case reports in patients with NAFLD 
with compensated cirrhosis[50].

For NAFLD patients undergoing liver transplantation 
there are limited case reports of  the utility of  bariatric sur-
gery after recurrence of  NAFLD post transplantation[51]. 
There are also risks of  exacerbation of  NASH after bar-
iatric surgery due to excessive weight loss as well as risks 
of  impaired drug absorption and bacterial overgrowth 
that can impact post-transplant outcomes. At this point 
more evidence is needed before advocating bariatric sur-
gery in transplant recipients.

DONORS WITH NAFLD
An adverse consequence of  the epidemic of  obesity and 
fatty liver in the population is the impact on suitable do-
nors for liver transplantation. There is an increased risk of  
primary non-function of  the allograft with fatty donors[52]. 
This data suggest that greater than 30% steatosis in the 
donor organ increases the risk of  primary non-function. 
As NAFLD in the populations increases, the pool of  
potentially suitable organs for liver transplantation may 
diminish as a consequence.

In a Korean paper that evaluated steatosis in potential 
donors over a year, NAFLD (> 5% steatosis) was pres-
ent in 51% and greater than 30% steatosis was present in 
10.4% with NASH in 2.2%. The prevalence of  steatosis 
was higher in donor over the age of  30, and those donor 
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with obesity and elevated triglyceride levels. In this study 
ultrasonography and CT both had limitations in diagnosis 
of  NAFLD (> 30% steatosis in donors) with sensitiv-
ity of  92% for ultrasound but positive predictive value 
of  only 34.5% and for CT a sensitivity of  64% and PPV 
of  45%. More recently the use of  MRI Quantification 
methods for steatosis have been developed and validated 
independently against liver biopsy showing excellent cor-
relation with histological steatosis grading[53,54]. Although 
donor biopsies should still be considered before excluding 
donors as unsuitable due to steatosis, utilization of  MRI, 
particularly for liver donors may in the near future sup-
plant the need for liver biopsies[55]. 

Although patient and graft survival can be diminished 
due to use of  steatotic grafts, this is possibly not a risk fac-
tor for diminished graft survival if  it exists in isolation[56]. 
Selection bias also confounds the picture as grafts that are 
not utilized due to steatosis may have different outcomes 
than steatotic grafts that are transplanted[57].

FUTURE DIRECTIONS
With increasing numbers of  transplants in patients with 
NAFLD, current data support a careful audit of  both 
short and long term post-transplant outcomes. Rigor-
ous studies on immune-suppression regimens designed 
to decrease the incidence of  metabolic complications for 
this population are needed. In addition post-transplant 
therapy for NAFLD including diet and exercise regimens, 
pharmacologic agents and bariatric surgery all warrant 
prospective study. With increasing numbers of  donors 
with fatty livers, outcomes with these grafts should be 
tracked in prospective databases that include both donor 
and recipient variables. 
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studies the variability of drug response in relation to the 
genetic factors involved in the processes responsible for 
the pharmacokinetics and/or the action mechanism of a 
drug in the body. This variability seems to be correlated 
with the presence of genetic polymorphisms. Genotyp-
ing is an attractive option especially for the initiation of 
the dosing of tacrolimus; also, unlike phenotypic tests, 
the genotype is a stable characteristic that needs to be 
determined only once for any given gene. However, 
prospective clinical studies must show that genotype de-
termination before transplantation allows for better use 
of a given drug and improves the safety and clinical ef-
ficacy of that medication. At present, research has been 
able to reliably show that the CYP3A5 genotype, but 
not the CYP3A4 or ABCB1 ones, can modify the phar-
macokinetics of tacrolimus. However, it has not been 
possible to incontrovertibly show that the corresponding 
changes in the pharmacokinetic profile are linked with 
different patient outcomes regarding tacrolimus efficacy 
and toxicity. For these reasons, pharmacogenetics and 
individualized medicine remain a fascinating area for 
further study and may ultimately become the face of 
future medical practice and drug dosing.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: As researchers continue to evaluate the influ-
ence of single nucleotide polymorphisms on tacrolimus 
dosing and on the response to the drug, the challenge 
now becomes to assess the potential clinical implica-
tions of this research for medical practice. Sufficient 
data have been accumulated to be certain that the liver 
donor and kidney recipient CYP3A5 genotype has an 
important influence on tacrolimus dosing and on the 
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Abstract
The introduction of tacrolimus in clinical practice has im-
proved patient survival after organ transplant. However, 
despite the long use of tacrolimus in clinical practice, 
the best way to use this agent is still a matter of intense 
debate. The start of the genomic era has generated 
new research areas, such as pharmacogenetics, which 
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observed blood trough levels of the drug. However, the 
question remains, should genotyping become a stan-
dard of practice in transplantation?

Provenzani A, Santeusanio A, Mathis E, Notarbartolo M, Labbozzetta 
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INTRODUCTION
Transplantation is typically the standard of  therapy for all 
patients with end-stage liver or kidney disease. Almost sixty 
years have passed since the first kidney transplant between 
identical twins was successfully performed, in 1954[1]. The 
first human liver transplant was performed almost 10 years 
later, in 1963. Another decade would pass before it was 
performed again. Since then, a significant effort has been 
made to improve the graft survival, as well as the patient 
outcome.

Despite the significant advances in terms of  surgical 
techniques, tissue typing and patient care, most of  the prog-
ress in organ transplantation is largely attributable to the 
recognized importance of  immunosuppressive therapy[2,3].

Since the success of  the transplant depends on a deli-
cate balance between immunosuppression and rejection, 
reaching and maintaining an adequate therapeutic level by 
giving appropriate doses of  immunosuppressive drugs is 
extremely important, especially in the first phases after the 
transplant.

The introduction of  tacrolimus into clinical practice 
has undoubtedly improved patient survival after organ 
transplant. However, this drug is characterized by a re-
stricted therapeutic index, a high inter- and intra-individ-
ual pharmacokinetic variability, including irregular oral 
bioavailability, and a series of  severe adverse effects[4,5]. 

Given the high variability in blood levels and clinical 
response after administering fixed doses of  tacrolimus, 
several studies have recently been conducted to find the 
optimal dosage of  tacrolimus and thus to minimize its 
toxicity and to improve its risk/benefit ratio[6]. 

A number of  studies have found a close correlation 
between the pharmacokinetic parameters of  tacrolimus 
and the clinical outcome[7,8]. However, despite the long use 
of  the drug in clinical practice, the best way to use tacroli-
mus is still a matter of  intense debate[9,10].

The start of  the genomic era has generated new re-
search areas, such as pharmacogenetics, which studies 
the variability of  drug response in relation to the genetic 
factors involved in the processes responsible for the phar-
macokinetics and/or action mechanisms of  a drug in the 
body[11,12].

This variability seems to be correlated with the presence 

of  genetic polymorphisms, where, for example, some of  
the genes of  the enzymes of  phase Ⅰ and Ⅱ drug metabol-
ic processes present, in at least 1%-2% of  the population, 
allelic variants[13,14].

These variants can encode for different molecular iso-
forms of  the same protein and, in most cases, consist of  
single nucleotide polymorphisms (SNPs), which may deter-
mine the production of  isoforms differing by a single amino 
acid[14].

The variations in the DNA sequence of  genes encoding 
for drug metabolizing enzymes can cause significant pheno-
typic differences in their expressivity and activity[15-17].

The clinical implications of  genetic polymorphisms can 
include other aspects of  drug bioavailability and elimina-
tion, as well as the pharmacodynamics of  the drug and/or 
its metabolites and the therapeutic index. Despite the many 
genetic polymorphisms, only a small number of  them have 
clinically significant consequences in terms of  drug me-
tabolism. This occurs mainly when two conditions coexist: 
the concerned metabolic pathway is the only pathway for 
the biotransformation of  the drug and the drug has a low 
therapeutic index. 

For all this reasons, pharmacogenetics research has begun 
to delve into genotyping approaches which may help to 
optimize the initiation and maintenance dosing of  tacro-
limus, to attain faster its target concentrations and to limit 
its dose-related adverse reactions[18]. This paper will review 
various studies that highlight the current genetic consider-
ations in the dosing of  tacrolimus and the future implica-
tions that this data may have for best individualizing the 
treatment with this drug.

TACROLIMUS PHARMACODYNAMICS 
AND PHARMACOKINETIC 
CHARACTERISTICS AND 
CONSIDERATIONS
The two calcineurin inhibitors utilized in transplantation are 
cyclosporine and tacrolimus. 

Tacrolimus is a macrolide containing a 23-membered 
lactone ring produced by the Streptomyces tsukubaensis 
fungus (Figure 1). Its molecular weight is 822.05 Da[19]. 
Tacrolimus is now preferred to cyclosporine for its po-
tency (10-100 times higher in in vitro and in vivo immuno-
suppression models) and for the reduction in episodes 
of  rejection; it allows the use of  lower doses of  combi-
nation corticosteroids, thus reducing the possibility of  
adverse effects associated with such drugs[20,21]. 

Tacrolimus becomes biologically active only when 
it forms a complex with the immunophilin FK binding 
protein 12 (FKBP-12), that is different from the immu-
nophilin (cyclophilin) to which cyclosporine binds. The 
complex FKBP-12-tacrolimus interferes with the trans-
duction pathway of  the intracellular calcium-dependent 
signal, which is a fundamental processes for the activation 
of  T lymphocytes. The biological target of  the complex 
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is the calcium/calmodulin-dependent protein phospha-
tase calcineurin, a fundamental molecule for the reactions 
necessary to the synthesis of  various cytokines, including 
IL-2.

Tacrolimus acts as a molecular linker between the cal-
cineurin/calmodulin complex and immunophilin, which 
are molecules that in normal conditions would not in-
teract. The tacrolimus-FKBP-12 complex has a strong 
inhibitory dose-related effect on calcineurin phosphatase 
activity and consequently on IL-2 expression. The pas-
sage of  the signal from the cytoplasm to the nucleus to 
activate the transcription of  the IL-2 gene involves in 
fact a protein named nuclear factor of  activated T-cell 
(NF-ATc). This protein is a T lymphocyte-specific tran-
scription factor, the activity of  which is correlated with 
the level of  transcription of  IL-2 after the T-cell recep-
tor is activated[20,22]. The NF-ATc has two subunits, one 
of  which is confined to the cytoplasm, while the other 
is mostly nuclear. An increase in intracellular calcium 
allows the cytoplasmic unit to move into the nucleus, 
where it combines with the nuclear component and al-
lows the formation of  the IL-2 transcription factor. The 
immunophilin/drug complexes would inhibit NF-ATc 
transcription activities, hindering the formation of  the 
functional transcription factor. The signal transduction 
cascade starts at the presentation of  the antigen to the 
T-cell receptor, which induces an increase in intracel-
lular calcium, the activation of  the calcium/calmodulin 
complex and the formation of  the competent T-cell 
transcription factor (NF-ATc). The specific role of  cal-
cineurin is not entirely clear, but it is widely accepted 
that dephosphorylation induces the translocation into 
the nucleus of  cytoplasmic NF-ATc, a process that can 
be blocked by the immunophilin/drug complexes. The 
liaison of  DNA and the genetic transcription of  IL-2 re-
quire both nucleic and cytoplasmic subunits of  NF-ATc. 
Tacrolimus stops transduction pathways of  the signal 
and therefore hinders the IL-2 production by means of  

the intracellular action of  the drug-FKBP-12 complex. 
The tacrolimus molecule can therefore be divided into 
two separate functional groups[22]: a binding group for 
the drug-FKBP-12 complex, and an effector group to 
bind to calcineurin (Figure 1). 

Tacrolimus, a lipophilic drug, exhibits variable absorp-
tion and first pass metabolism when administered orally 
and this can influence its efficacy and toxicity. P-glycopro-
tein (P-gp, also known as ABCB1), an ATP-dependent 
membranous transporter which helps to protect the body 
against toxic xenobiotics by extruding these compounds 
out of  cells and into the intestinal lumen and bile[23], can 
limit the oral bioavailability and influence the disposition 
of  the calcineurin inhibitors[24-28]. In particular, the pres-
ence of  P-gp in the intestine can limit tacrolimus absorp-
tion. Also, its presence in liver and kidney promotes tacro-
limus efflux into bile and urine, respectively. 

However, the conclusions drawn so far on the actual in-
fluence of  P-gp SNPs on tacrolimus pharmacokinetics are 
highly controversial[29-31].

Additionally, CYP3A4 and CYP3A5, which exhibit 
variable levels of  activity among transplant patients, are 
the primary enzymes responsible for the metabolism of  
the calcineurin inhibitors. The same drugs are also known 
inhibitors of  P-gp and of  the CYP enzyme system, so 
that they inhibit their own metabolism and excretion[32]. 
Other factors that can influence the pharmacokinetics 
of  the calcineurin inhibitors include, but are not limited 
to, transplant type, baseline renal and hepatic function, 
concomitant use of  corticosteroids, which induce both 
CYP3A and P-gp activity, patient age and race, time after 
transplantation, albumin and hematocrit concentration, 
trauma and food administration[33-40].

As a result, therapeutic drug monitoring is typically 
initiated after transplantation to facilitate the choice of  the 
dosage of  the calcineurin inhibitors and ensure appropri-
ate levels of  exposure to these medications. To date the 
most widely used parameter for the therapeutic monitor-

9158 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

HO

H3CO
H3C

H3C

OCH3 OCH3

CH3

CH3

CH3

CH3

O

O
O

O

O

N

O

OH

OH

Binding
domain

Effector
element

Figure 1  Functional active groups of tacrolimus.

Provenzani A et al . Pharmacogenetic considerations for optimizing tacrolimus dosing



ing of  tacrolimus is its trough whole blood concentration 
(C0), which is measured 12 h after the dose administration 
and correlates well with the area under the concentration-
time curve (AUC0-12)[41,42].

In practice, target trough levels for tacrolimus are typi-
cally set at around 10 ng/mL, but this can vary depending 
on individual patient characteristics, type of  transplant and 
time after transplantation. Pharmacogenetics is estimated 
to account for between 20%-95% of  drug variability in 
patients and this has prompted research to assess the fea-
sibility of  genotyping as a mean to more rapidly and accu-
rately determine the appropriate starting and maintenance 
dosages of  the immunosuppressant[43].

Also to assess the economic advantage of  the geno-
typic determinations, a number of  pharmacodynamics 
studies have been undertaken to define the overall im-
pact of  a more delayed optimization of  the drug dosage 
on patient outcomes. Typically these studies evaluate 
the effects of  sub- or supra-therapeutic calcineurin in-
hibitor drug levels on graft life, patient mortality and 
development of  various drug toxicities. The calcineurin 
inhibitors are known to be endowed with a number of  
possible deleterious effects including seizures, tremors, 
nephrotoxicity, malignancy, hyperglycemia, hypertension, 
insomnia, hyperesthesia and hyperlipidemia[4]. They are 
also expensive and potentially life-long medications that 
can impose a heavy economic burden on patients and on 
the health care system in general. As a result, it would be 
beneficial to rapidly attain target blood trough drug lev-
els in order to avoid side-effects, limit costs and assure 
appropriate level of  immunosuppression.

GENETIC POLYMORPHISMS
To date, a number of  SNPs have been studied in relation 
to the dosing of  tacrolimus. However, alleles relating to the 
following three genes have been the most frequently stud-
ied and shown to be the most promising.

CYP3A4
CYP3A4, located in the liver, jejunum, colon, and pan-
creas, is polymorphically expressed, with at least 42 SNPs 
identified to date[44]. The most known CYP3A4 polymor-
phisms are CYP3A4*1B (A392G)[45], CYP3A4*2 (Ser 222 
Pro), and CYP3A4*3 (Met 445 Thr)[46].

The primary polymorphism implicated and studied 
in the metabolism of  the calcineurin inhibitors occurs at 
position 392 and is an A>G substitution that produces a 
variant allele with diminished enzymatic activity, referred 
to as CYP3A4*1B[47-51]. On the other hand, researchers 
have demonstrated that CYP3A4 expression is higher in 
carriers of  the mutant allele due to reduced binding of  a 
transcriptional repressor[52,53]. Consequently, the functional 
significance of  this SNP is controversial and in vivo stud-
ies have generally failed to evidence an association be-
tween this polymorphism and the metabolism of  various 
drugs[54-56]. This allele has been shown to occur in 2%-10% 
of  Caucasians, 4.2%-11% of  Hispanics, 35%-67% of  

African-Americans, and about 0% of  Asians[57-60].

CYP3A5 
CYP3A5 in the liver, small intestine, stomach and kidney 
shows polymorphic expression, which is currently known 
to occur with at least 11 different SNPs. The most im-
portant polymorphism is that of  the CYP3A5*3, which, 
in homozygous condition, determines the absence of  the 
enzyme, since the variant sequences A→G at nucleotide 
6986 in intron 3 of  the CYP3A5 gene cause alternative 
splicing and the formation of  a truncated protein that is not 
functional[61,62]. On the contrary, the G6986A (CYP3A5*1) 
allele is correlated with a high expression of  the pro-
tein[63]. Consequently, individuals that exhibit homozygous 
expression of  the variant allele CYP3A5*3 are often re-
ferred to as “CYP3A5 non-expressers”. Patients with at 
least one CYP3A5*1 wild type allele are able to produce 
functional CYP3A5 enzymes and are known as “CYP3A5 
expressers”; they have a different pattern of  metabolite 
formation compared with the non-expressers, resulting 
also in the belief  that CYP3A5 expression in the kidney 
may play a protective role against the development of  
nephrotoxicity by limiting the exposure of  the organ to 
toxic metabolites[64-66]. Several studies have also suggested 
a link between CYP3A4*1B and the CYP3A5*1 wild type 
allele, as these two allelic variants appear generally to be 
inherited together[59,61,67-69]. Again the CYP3A5*1 wild type 
allele is differently distributed among the races and occurs 
in 5%-15% of  Caucasians, 15%-35% of  Asians, 25% of  
Mexicans, and 45%-73% of  African-Americans[57].

ABCB-1 (MDR-1, P-gp)
The multidrug resistance-1 (MDR-1) gene, which en-
codes for the P-gp (ABCB-1) efflux pump in many or-
gans and tissues (e.g., liver, kidney, hematoencephalic bar-
rier, blood testis barrier, maternal side of  the placenta, 
adrenal glands and small intestines), is also polymorphi-
cally expressed, with at least 50 currently known SNPs. 
Its name derives from the fact that it was first found in 
tumor cell lines where it enhanced the resistance to anti-
neoplastic drugs[23,70-74].

The most commonly studied ABCB1 polymorphisms 
include a C to T substitution at position 3435 on exon 26, 
a C to T substitution at position 1236 on exon 12, and a 
G to T/A substitution at position 2677 on exon 21[24]. 

These three variant alleles have been shown to typical-
ly occur together, exhibiting a linkage disequilibrium that 
suggests that they may be further genetically linked[74-78]. 

Several studies have also suggested that this haplotype 
results in diminished P-gp expression in vivo and, in turn, in 
lower drug efflux activity. Theoretically this could result in 
tacrolimus accumulation in the blood stream and nervous 
system and, as a result, in symptoms of  neurotoxicity[79,80].

In addition, recent data have suggested that 3435C>T 
may reduce MDR-1 mRNA stability in the liver[81] or affect 
the insertion and folding of  P-gp into the membrane, result-
ing in an altered substrate specificity of  the transporter[82].

This haplotype occurs in 5% of  African-Americans, 27% 
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Table 1  Effect of CYP3A4*1B single nucleotide polymorphism on tacrolimus pharmacokinetics

of  Asians, 32% of  Caucasians and 35% of  Mexicans[77].

GENETIC INFLUENCE ON TACROLIMUS 
PHARMACOKINETICS
A number of  clinical studies have begun to evaluate the 
actual impact of  the previously described polymorphisms 
on tacrolimus dosing, efficacy and toxicity. We will now 
review a number of  these studies and summarize their 
findings before analyzing the potential clinical implications 
of  their data.

CYP3A4*1B
Data regarding the influence of  CYP3A4 polymorphisms 
on tacrolimus pharmacokinetics are often inconsistent and 
confounded by the highly frequent linkage disequilibrium 
found between the CYP3A4*1B variant allele and the CY-
P3A5*1 wild-type allele[59,61,67-69,83]. The overall impact of  
the CYP3A4 genotype on tacrolimus dose requirements 
appears uncertain and should be further studied.

A study by Cho et al[84] on 70 Korean renal transplant 
patients found no association between CYP3A4 genotype 
and tacrolimus dose requirements up to 6 mo after trans-
plantation (Table 1).

Another study, by Roy et al[85], confirmed these results, 
showing no correlation between the CYP3A4*1B (392A>G) 
SNP and tacrolimus pharmacokinetics (Table 1). However, 
as other authors have pointed out, due to the limited data 
available it is not possible to understand if  these results 
were influenced by the ethnicity or by a genetic linkage with 
the CYP3A5 6986A>G SNP[86].

In a study on 64 kidney transplant patients, Hesselink 
et al[67] showed that patients carrying the CYP3A4*1B al-
lele had lower tacrolimus dose-adjusted trough levels with 
respect to patients carrying two copies of  the wild-type *1 
allele. This effect was not observed when the analysis was 
made only in the Caucasian population (Table 1).

However, in a further study carried out in a more con-

sistent population composed of  136 renal transplant pa-
tients the same authors found that there was no significant 
correlation between the CYP3A4*1B (392A>G) SNP and 
tacrolimus pharmacokinetics (dose and C0/Dose) when the 
influences of  the CYP3A5 6986A>G SNP and ABCB1 
polymorphisms were taken into account[87] (Table 1).

In another study on 103 Spanish renal transplant patients, 
Gervasini et al[33] found that carriers of  the CYP3A4*1B 
variant allele displayed tacrolimus concentrations that 
were on average 59% lower than those of  patients with 
the CYP3A4*1/*1 genotype. The dose-adjusted trough 
levels observed were 145.59, 86.89, and 58.21 ng/mL per 
mg/kg per day for the 3A4*1-3A5*3, 3A4*1-3A5*1 and 
3A4*1B-3A5*1 haplotypes, respectively, suggesting that 
the CYP3A4*1B-CYP3A5*1 haplotype may have a more 
profound impact on tacrolimus pharmacokinetics than 
the CYP3A5*1 allele alone (Table 1). However, because 
of  the linkage disequilibrium between the CYP3A4 and 
CYP3A5 polymorphisms, all CYP3A4*1B carriers were 
also carriers of  the CYP3A5*1 allele.

CYP3A5*3
Many studies have confirmed that CYP3A5 polymorphisms 
have a major influence on the pharmacokinetics of  tacroli-
mus. Consistently, patients homozygous for the CYP3A5*3 
allele have shown lower dose requirements and higher 
whole blood trough levels of  tacrolimus after transplanta-
tion, as well as clearances of  the drug 25%-45% lower than 
patients expressing the CYP3A5*1 allele. In liver transplant 
patients, donor genotype has also generally been shown to 
have more important consequences on tacrolimus phar-
macokinetics and dose requirements than recipient genet-
ics[38,63,88-93]. However, it still remains to be seen whether 
these alterations in the drug pharmacokinetics correlate or 
not to the patient clinical outcomes.

A study by Barrera-Pulido et al[94] on 53 liver transplant 
recipients found that recipients with the CYP3A5*1/*3 
genotype receiving organs from *1/*3 donors failed to 
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Ref. Study population Transplant type/analysis of 
recipients, donors or both 

Findings

Cho et al[84] 70 Korean Kidney recipients No association between CYP3A4*1B genotype and tacrolimus dose require-
ments up to 6 mo after transplantation

Roy et al[85] 38 Caucasian,
4 Black,
2 Asian

Kidney recipients No correlation between the CYP3A4*1B SNP and tacrolimus pharmacokinetic 
at first week and third month after transplantation

Hesselink et al[67] 37 Caucasian,
9 Black,
18 Asian

Kidney recipients CYP3A4*1B allele carriers had lower tacrolimus dose-adjusted trough levels 
with respect to patients carrying the wild-type (*1/*1) genotype at third and 

12th month after transplantation
This effect was not observed when analyzing only the Caucasian population.

Hesselink et al[87] 120 Caucasian, 
7 Black,
8 Asian,
1 other

Kidney recipients No significant correlation observed between CYP3A4*1B SNP and tacrolimus 
pharmacokinetics when CYP3A5 and ABCB1 SNPs were taken into account 

Gervasini et al[33] 103 Spanish Kidney recipients Carriers of the CYP3A4*1B variant allele had 59% lower tacrolimus concentra-
tions than those with CYP3A4*1/*1 wild type genotype

All CYP3A4*1B carriers were also carriers of CYP3A5*1 allele (linkage disequi-
librium)
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achieve minimum blood tacrolimus levels at one month 
post-transplant (Table 2). Between days 30 and 60 post-
transplant *3/*3 recipients from *1/*3 donors also had 
significantly greater tacrolimus dose requirements than re-
cipients from *3/*3 donors.

These results also occurred in a study on 24 Native 
American kidney transplant recipients where it was ob-
served that after 1 mo from transplant the patients required 
a significantly lower daily tacrolimus dose than a control 
group of  Caucasian kidney transplant patients (0.03 mg/
kg per day vs 0.5 mg/kg per day). To explain these data, 
many of  these Native Americans, but not the Cauca-
sians, were found to express the CYP3A5*3/*3 genotype, 
associated with diminished CYP3A5 enzymatic activity 
(Table 2). However, despite the differences in tacrolimus 
dose requirements, there were no differences in the drug 
trough levels or the incidence of  nephropathy between 
the two study groups[95].

A study on 32 Caucasian liver transplant patients by 
Provenzani et al[91] found that dose requirements were 
significantly higher in patients receiving a liver with the 
CYP3A5*1 allele compared with donors who were ho-
mozygous for the *3 polymorphism (0.111 mg/kg per 
day vs 0.057 mg/kg per day). In the organ recipients, 
the CYP3A5*1 genotype tended to increase tacrolimus 
doses, though not to a statistically significant degree (Table 
2).

In a case report, the same research group found that 
a 53-year-old Caucasian male who was homozygous for 
the CYP3A5*3 allele and had received a liver from a 
donor expressing the CYP3A5*1/*1 genotype required 
a dose two-fold higher than that reported in the litera-
ture for adult liver transplant patients. During the first, 
second and third week of  therapy the patient received 
tacrolimus doses of  0.219, 0.287, and 0.273 mg/kg per 
day, respectively, while the trough drug levels obtained 
remained below the target of  10-12 ng/mL (4.6, 5.6 and 
6.1 ng/mL at the first, second and third week of  therapy, 
respectively). The patient reached a target level of  10.4 
ng/mL only after one month of  therapy. This corrobo-
rates that the CYP3A5*1 allele may be associated with 
increased hepatic metabolic capacity for tacrolimus and, 
consequently, delayed response to drug therapy[93].

The authors further confirmed these results when 
they looked at 51 Caucasian liver and 50 Caucasian kidney 
transplant recipients at 1, 3, and 6 mo post-transplant and 
again found that the presence of  the CYP3A5*1 allele in 
liver donors, but not in recipients, had a statistically signifi-
cant effect of  decrease on the tacrolimus dose-adjusted 
trough levels. A similar result was also observed in the 
kidney transplant recipients, where the dose required to 
achieve and maintain target trough blood levels at 1, 3, and 
6 mo was statistically lower in patients homozygous for 
the CYP3A5*3 allele compared with the patients express-
ing at least one copy of  the wild type allele CYP3A5*1[92] 

(Table 2).
Another study by Cho et al[84] on 70 Korean renal trans-

plant patients found that patients expressing either the 

CYP3A5*1/*3 or CYP3A5*1/*1 genotype, and thus a 
functional CYP3A5 protein, had tacrolimus dose require-
ments up to 80% greater than patients homozygous for 
the *3 allele up to 6 mo post-transplant (Table 2).

Glowacki et al[96] in a study on 209 French kidney 
transplant patients, also found that patients with at least 
one CYP3A5*1 allele had significantly higher tacrolimus 
dose requirements and lower trough drug levels than *3 
homozygotes. However, these pharmacokinetic findings 
appeared to have no influence on the incidence of  biopsy-
proven acute rejection or on delayed graft function (Table 
2). Patients were followed for a mean period of  21.8 mo, 
with no data suggesting that alterations in tacrolimus 
pharmacokinetics might have any significant impact on 
long-term clinical outcomes.

Another study, in 181 Japanese liver transplant recipi-
ents and 114 donors, showed that the level of  CYP3A5 
mRNA was significantly reduced in patients with livers 
carrying the CYP3A5*3/*3 genotype (0.41 amol/μg total 
RNA) vs the *1/*1 and *1/*3 genotypes (4.85 and 2.99 
amol/μg total RNA, respectively). As a result, the dose-
adjusted tacrolimus trough levels were significantly de-
creased, due to increased metabolism, in patients receiving 
a liver carrying the CYP3A5*1/*1 genotype[63] (Table 2).

Wei-lin et al[88], in a study on 50 Chinese liver transplant 
donors as well as recipients, found again that at one month 
after transplantation, recipients who received organs from 
CYP3A5*3/*3 donors had significantly higher dose-adjust-
ed tacrolimus trough levels than the patients receiving livers 
from CYP3A5*1 expressers (Table 2). However, neither 
the donors’ ABCB1 genotype nor the recipients’ CYP3A5 
genotype had any impact on the recipients’ tacrolimus 
pharmacokinetic profile, suggesting once more that in liver 
transplantation the donors’ CYP3A5 genetics, rather than 
that of  the recipient, has a more important effect on tacro-
limus dosing.

López-Montenegro Soria et al[97] studied 35 kidney 
transplant patients and found that during the first six 
weeks after transplant the tacrolimus concentration/dose 
ratios were remarkably lower for patients expressing at 
least one CYP3A5*1 allele compared with those homo-
zygous for the CYP3A5*3 genotype (0.65 vs 1.45), due to 
higher drug clearances in CYP3A5*1 expressers (Table 2).

Another trial, by Shi et al[66], involving 216 Chinese 
liver transplant recipients concluded that daily tacroli-
mus dose requirements were higher for recipients with 
the CYP3A5*1/*1 genotype than patients expressing 
the *3/*3 genotype (3.0 mg per day vs 2.0 mg per day). 
Dose-adjusted tacrolimus trough levels were also lower in 
the *1/*1 genotype than *1/*3 expressers and in the *3 
homozygotes (97.5, 124.8, and 144.4, respectively), sug-
gesting in particular that CYP3A5 enzymatic activity is 
increased proportionally by the presence of  one or two 
copies of  the *1 allele (Table 2).

These results were supported by Jun et al[98] in a study 
of  506 Korean solid organ transplant recipients and 62 
corresponding liver transplant donors, which concluded 
that the blood tacrolimus concentrations per adjusted 
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Table 2  Effect of CYP3A5*3 single nucleotide polymorphism on tacrolimus pharmacokinetics
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Ref. Study population Transplant type/analysis of 
recipients, donors or both

Findings

Barrera-Pulido et al[94] 53 Caucasian Liver recipients and donors CYP3A5*1/*3 recipients with *1/*3 donor livers had lower than 
minimum required blood tacrolimus levels at 1 mo after trans-

plantation
*3/*3 recipients with *1/*3 donors had significantly greater tacro-

limus dose requirements at 1 and 2 mo after transplantation
Chakkera et al[95] 24 native American and 

Caucasian control group
Kidney recipients Native Americans had lower tacrolimus dose requirements than 

Caucasians at 1 mo after transplantation
Native Americans more commonly expressed CYP3A5*3/*3

No difference in blood trough levels or nephropathy between the 
two groups

Provenzani et al[91] 32 Caucasian Liver recipients and donors Dose requirements significantly higher in the case of donors with 
the CYP3A5*1 allele at 1, 3 and 6 mo after transplantation

No statistically significant difference in dose requirements consid-
ering recipient’s genotypes 

Provenzani et al[92] 101 Caucasian Kidney (n = 50, recipients) 
and liver (n = 51, recipients 

and donors)

CYP3A5*1 allele in liver donors (n = 51) had a significant effect of 
decrease on tacrolimus dose-adjusted trough levels at 1, 3 and 6 
mo after transplantation. No statistically significant difference in 

dose requirements considering recipient’s genotype
Tacrolimus dose in kidney recipients (n = 50) with CYP3A5*3/*3 
genotype was significantly lower than in patients with at least one 

copy of the wild type allele 
Cho et al[84] 70 Korean Kidney recipients Those patients who had CYP3A5*1/*3 or *1/*1 genotypes had 80% 

higher tacrolimus dose requirements than patients homozygotes 
for *3 allele (up to 6 mo after transplantation)

Glowacki et al[96] 209 French Kidney recipients Patients with at least one copy of the CYP3A5*1 allele had signifi-
cantly higher dose requirements and lower blood trough levels 

than patients homozygous for the *3 allele
No influence of this SNP on rejection or graft dysfunction rates.

Goto et al[63] 181 Japanese Liver recipients and donors Patients with the CYP3A5*3/*3 genotype had reduced levels of 
CYP3A5 mRNA

Dose-adjusted tacrolimus trough levels decreased in patients re-
ceiving a liver with the *1/*1 genotype

Wei-Lin et al[88] 50 Chinese Liver recipients and donors Those patients receiving a liver with the *3/*3 genotype had, at 
first month after transplantation, significantly higher tacrolimus 
dose-adjusted trough levels than those with at least one copy of 

the *1 allele
López-Montenegro Soria et al[97] 35 Spanish Kidney recipients Concentration/dose ratios were remarkably lower in patients 

with at least one copy of the *1 allele than in patients homozygous 
for the *3 allele

Shi et al[66] 216 Chinese Liver recipients Recipients with *1/*1 genotype had higher dosage requirements 
than those with *3/*3 genotype

The study suggested also that CYP3A5 enzymatic activity is in-
creased proportionally by the presence of the *1 allele

Jun et al[98] 568 Korean Kidney and liver recipients 
(n = 506), and liver donors 

(n = 62)

Patients with the *3 alleles had higher tacrolimus dose-adjusted 
trough levels than patients with the *1 allele

*1/*1 patients may be more rapid metabolizers than *1 heterozy-
gous patients

Elens et al[99] 150 Belgian Liver donors Those patients with at least one *1 allele had at least 67% higher 
tacrolimus dose requirements

No influence of CYP3A5 expression on tacrolimus hepatic concen-
trations

Macphee et al[100] 119 White,
23 Black,

26 South Asian,
12 Middle Eastern

Kidney recipients Patients with at least one copy of the wild-type *1 allele achieved 
twofold lower dose-normalized tacrolimus blood concentrations 

compared with CYP3A5*3/*3 homozygote patients

Thervet et al[101] 168 Caucasian, 
8 Black, 
12 other

Kidney recipients Pre-transplant dose adaptation, according to CYP3A5 genotype, is 
associated with improved achievement of the target blood trough 

levels
Spierings et al[102] 81 Caucasian, 

12 Black, 
20 South Asian, 

5 other

Kidney recipients Tacrolimus dose requirements were significantly higher in pa-
tients expressing the wild type CYP3A5 genotype

Intra-patient variability of tacrolimus clearance was not associated 
with the same genotype

Chen et al[103] 120 Chinese Kidney recipients CYP3A5 expressers not receiving diltiazem required significantly 
higher tacrolimus doses than those who received the CYP inhibi-
tor. In non-expressers, no significant difference in tacrolimus dose 
requirements was observed between the subjects treated with dil-

tiazem and those who were not
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dose ratio was significantly higher in recipients with the 
*1/*3 genotype than in those with the *1/*1 one, and 
again higher in *3/*3 patients rather than in heterozygous 
*1/*3 recipients, suggesting that *1 homozygous patients 
may be even more rapid metabolizers than heterozygous 
patients expressing only one *1 allele (Table 2).

A study by Elens et al[99] on 150 liver donors found that 
tacrolimus dose requirements were at least 67% higher 
among patients with at least one CYP3A5*1 allele and ex-
pressing hepatic CYP3A5 (Table 2). However, though he-
patic CYP3A5 expression reduced blood tacrolimus levels 
and increased dose requirements, it failed to influence he-
patic tacrolimus concentrations, which may be better related 
to liver graft outcome[99].

Another study, by Macphee et al[100], in white and South 
Asian renal transplant patients, suggested that patients 
with at least one copy of  the wild-type *1 allele achieved 
twofold lower dose-normalized tacrolimus blood con-
centrations compared with CYP3A5*3/*3 homozygote 
patients (Table 2).

In a prospective study involving 280 kidney transplant 
patients, Thervet et al[101] found that a pre-transplant tacro-
limus dose adaptation according to the CYP3A5 genotype 
is associated with fewer successive dose modifications and 
with a rapid achievement of  target trough levels (Table 2).

In a more recent study by the Macphee’s group on 118 
renal transplant patients, Spierings et al[102] confirmed that 
the tacrolimus dose requirements were significantly higher 
in patients with the wild type CYP3A5 genotype (Table 2). 
However, they also found that intra-patient variability of  
tacrolimus clearance was not associated with the wild type 
CYP3A5 genotype. 

Finally, in a 42-mo, prospective, randomized, parallel-
controlled, open-label, single-center study, 62 Chinese 
CYP3A5 expressers and 58 non-expressers who had re-
ceived kidney transplants were randomized to receive 30 
mg of  diltiazem (a known CYP inhibitor) three times daily 
in order to assess the efficacy of  the drug as a calcineurin 
sparing agent. Patients who were known to be CYP3A5 
expressers and did not receive diltiazem required signifi-
cantly higher tacrolimus doses than the other groups (P = 
0.017). Among the CYP3A5 non-expressers, there was not 
a significant difference in tacrolimus dose requirements 
between the subjects treated with diltiazem and those who 
were not. This was expected, as the proposed mechanism 
for diltiazem as a calcineurin sparing agent involves the 
inhibition of  the metabolism of  tacrolimus through the 
CYP3A5 pathway (Table 2). This suggests that CYP3A5 
expressers are more susceptible to diltiazem-induced ta-
crolimus dose reductions and may possibly provide the 
prescribers with a mechanism able to limit the cost of  im-
munosuppressive therapy as well as to treat concomitant 
hypertension in transplant patients[103].

ABCB1
Data showing a link between a patient’s ABCB1 geno-
type and tacrolimus pharmacokinetics have been in-
consistent. Though most studies have failed to find any 

association, some clinical trials have found a significant 
relation between the ABCB1 genotype and tacrolimus dos-
ing. These results are often confounded by the linkage dis-
equilibrium expressed among genetic variants, underscoring 
the need for further research on ABCB1 genetics before a 
definitive conclusion can be reached.

Provenzani et al[91], in a study on 32 Caucasian liver 
transplant patients, found no influence of  the 3435C>T 
and 2677G>T SNPs on tacrolimus dose requirements 
(Table 3). A study by Cho et al[84] on 70 Korean renal 
transplant patients also found no association between 
the ABCB1 genotype and tacrolimus dose requirements 
up to 6 mo after transplantation (Table 3).

Further supporting these results, Shi et al[66] found that 
in 216 Chinese liver transplant patients, there was no sig-
nificant association between any of  the ABCB1 polymor-
phisms and daily tacrolimus dose requirements or trough 
levels (Table 3). 

This was again confirmed by Jun et al[98], who studied 
506 Korean solid organ transplant recipients and 62 corre-
sponding liver transplant donors. They found no correla-
tion between the ABCB1 patient genotype and tacrolimus 
concentration to adjusted dose ratios (Table 3).

Gervasini et al[33] also found that, in 103 renal transplant 
patients, none of  the ABCB1 polymorphisms were associ-
ated with altered dose-adjusted trough levels or increased 
dose requirements. This study also found no association 
between the ABCB1 genotype and tacrolimus-induced tox-
icity (Table 3).

Another study by Kuypers et al[104] found that in 304 kid-
ney transplant patients the ABCB1 genotype had no signifi-
cant impact on tacrolimus exposure parameters or dosing 
requirements (Table 3).

A study by Provenzani et al[92] on 51 liver and 50 kid-
ney transplant patients found no association between the 
ABCB1 polymorphisms and tacrolimus dosing among liver 
transplant patients, but did observe that kidney transplant 
patients carrying the 2677T/A allele required a significantly 
higher daily tacrolimus dose than patients homozygous for 
the wild type allele (Table 3).

Another study on 181 liver transplant recipients and 
114 donors found that, in the first week post-transplan-
tation, the recipients who displayed the wild type MDR-1 
allele and thus high ABCB-1 activity in the intestine, had 
lower dose-adjusted tacrolimus trough levels than pa-
tients who displayed MDR-1 variant alleles and were low 
ABCB-1 expressers, even among patients with the same 
liver CYP3A5 genotype. However, this difference was not 
observed after two weeks, suggesting that MDR-1 expres-
sion in the intestine may contribute to tacrolimus trough 
levels in the first week post-transplantation; afterwards 
the transplanted liver would achieve a greater metabolic 
capacity and becomes the main organ that influences ta-
crolimus pharmacokinetics[63] (Table 3). 

This was supported by Herrero et al[43] in a study on 
71 renal transplant patients, in which it was found that 
patients with the wild type ABCB1 genotype tended to 
have more stable tacrolimus concentrations within the 
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Table 3  Effect of ABCB1 single nucleotide polymorphism on tacrolimus pharmacokinetics

therapeutic range during the first 3 mo after transplan-
tation, while patients expressing polymorphic ABCB1 
alleles showed a mean increase in the drug blood con-
centrations greater than 60% due to a diminished elimi-
nation capacity by the body (Table 3). 

A study on 50 Chinese liver transplant donors and 
recipients also evidenced that daily tacrolimus dose 
requirements were significantly higher in recipients car-
rying the wild type ABCB1-3435CC rather than the 
C3435T allele at the weeks 1 and 2 and at 1 mo post-
transplantation (Table 3). These data suggested that in 
Chinese people the ABCB1 genotype plays a dominant 
role in the intestinal tacrolimus pharmacokinetics[88]: in 
fact patients with the wild type MDR-1 genotype are 
more likely to extrude tacrolimus from enterocytes and 
therefore need a higher daily dose to achieve adequate 
blood tacrolimus levels.

López-Montenegro Soria et al[97], in a study on 35 re-
nal transplant patients, also found that patients express-
ing the wild type ABCB1-3435CC genotype showed up 
to 40% lower concentration/dose ratios compared with 
patients carrying variant alleles (Table 3). 

Finally, a study by Elens et al[99] on 150 liver transplant 
patients found that ABCB1 genetic polymorphisms in 
the donors significantly influenced tacrolimus concentra-
tions in the liver, but failed to influence the drug mean 
blood levels. The ABCB1-1236C>T polymorphism was 
also associated with improved liver function and signifi-
cantly lower Banff  scores compared with the situation 
of  patients with the wild type allele (Table 3). These data 
suggest that ABCB1 polymorphisms may be important in 
liver transplant patients due to their effects on tacrolimus 
levels in the liver, which, as already said, may be a good 
marker to predict the liver graft rejection. 

INFLUENCE OF GENETICS ON 
TACROLIMUS PHARMACODYNAMICS
Despite many studies have demonstrated a strong associa-
tion between CYP3A5 genotype and alterations in tacroli-
mus pharmacokinetics, the results do not provide consistent 
evidence of  organ rejection or drug-related toxicity as a 
consequence of  genotype-related sub- or supra-therapeutic 
immunosuppression. This is likely due to the fact that the 
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Ref. Study population Transplant type/analysis of 
recipients, donors or both 

Findings

Provenzani et al[91] 32 Caucasian Liver recipients and donors No influence of 3435C>T and 2677G>T SNPs on tacrolimus dose 
requirements

Cho et al[84] 70 Korean Kidney recipients No association between ABCB1 genotype and tacrolimus dose re-
quirements

Shi et al[66] 216 Chinese Liver recipients No association between any ABCB1 SNPs and tacrolimus dose 
requirements or blood trough levels

Jun et al[98] 568 Korean Kidney and liver recipients 
(n = 506), and liver donors (n = 62)

No correlation between ABCB1 genotype and tacrolimus dose-
adjusted blood trough levels

Gervasini et al[33] 103 Spanish Kidney recipients None of the ABCB1 polymorphisms were associated with changes in 
dose-adjusted blood trough levels and in dose requirements

No association between ABCB1 genotype and tacrolimus-induced 
toxicity

Kuypers et al[104] 304 Belgian Kidney recipients No significant impact of ABCB1 genotype on tacrolimus exposure 
parameters or dosing requirements

Provenzani et al[92] 101 Caucasian Kidney (n = 50) and liver (n = 51, 
recipients and donors)

No ABCB1 influence on dosing in liver transplant patients
Those patients receiving kidney transplant carrying the 2677T/A al-
lele required significantly higher doses than those patients with the 

wild type allele
Goto et al[63] 181 Japanese Liver recipients and donors In the first week after transplantation, the recipients with wild type 

ABCB1 allele had lower tacrolimus dose-adjusted blood trough levels
No difference observed after 2 wk

Herrero et al[43] 71 Spanish Kidney recipients Patients with wild type ABCB1 alleles had more stable tacrolimus 
concentrations within the therapeutic range during the first 3 mo

On the contrary, patients carrying the polymorphic ABCB1 alleles 
showed a mean increase in tacrolimus blood concentration of more 

than 60%
Wei-Lin et al[88] 50 Chinese Liver recipients and donors Recipients with the wild type ABCB1-3435CC allele had significantly 

higher tacrolimus dose requirements than those with C3435T  at 1 
and 2 wk and 1 mo after transplantation

López-Montenegro Soria et al[97] 35 Spanish Kidney recipients Wild type ABCB1 3435CC patients had 40% lower concentration/
dose ratios than those patients with variant alleles

Elens et al[99] 150 Belgian Liver donors ABCB1 genetic polymorphisms significantly influence tacrolimus he-
patic concentrations, but have no effect on tacrolimus blood levels

Patients with ABCB1 1236C>T polymorphism showed significantly 
better liver functions and lower Banff scores with respect to pa-

tients with the wild-type allele
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patients are closely monitored in the first period following 
transplantation and undergo dose adjustments to more rap-
idly achieve target trough drug levels. However, different 
clinical trials have begun to explore the practical pharma-
codynamics implications of  genetic alterations in tacro-
limus pharmacokinetics, and some of  them have found 
clinically significant results.

Jun et al[98] found no significant difference in the in-
cidence of  organ rejection in 506 Korean solid organ 
transplant recipients and 62 liver transplant donors after 
comparing both patients’ genotypes and mean tacroli-
mus concentration per an adjusted dose ratios (Table 4).

Another study by Chen et al[103] on 120 Chinese kidney 
transplant patients who were a mix of  CYP3A5 express-
ers and non-expressers, found that patients who received 
genotype-guided initial tacrolimus dosing achieved target 
drug levels more rapidly than the patients who received a 
standard protocol dose of  tacrolimus (90.9% vs 27.3% of  
patients in target range, respectively). However, no differ-
ences were observed between the two groups with respect 
to the incidence of  leukocytopenia, nephropathy, abnor-
mal liver function, hyperlipidemia, diarrhea or hyperglyce-
mia (Table 4).

Jacobson et al[105], in a prospective study on 945 kidney 
transplant patients, found that every increase in tacrolimus 
trough level of  1 ng/mL increased the hazard of  early 
calcineurin-inhibitor-associated nephrotoxicity by 22%, 
even after adjusting for clinical factors. Nine SNPs of  the 
XPC, CYP2C9, PAX4, MTRR and GAN genes exhibited 
an association with cyclosporine, but not with tacrolimus, 
nephrotoxicity (Table 4). 

In a prospective, open-label, observational cohort 
study, Kuypers et al[106] found that among 304 kidney trans-
plant patients, the proportion of  patients who developed 
new-onset diabetes after transplant (NODAT) was signifi-
cantly higher in patients with delayed graft function and 
who displayed trough tacrolimus levels greater than 15 
ng/mL on the first day post-transplantation. In this study, 
the presence of  the CYP3A5*1 allele and a functional 
CYP3A5 enzyme appeared to attenuate the effects of  de-
layed graft function on initial tacrolimus exposure and dose 
requirements, suggesting that CYP3A5 expressers may be 
at lower risk of  NODAT following kidney transplantation 
due to diminished exposure to potentially toxic levels of  
tacrolimus (Table 4). 

In a separate study, but in the same population of  304 
kidney transplant patients, Kuypers et al[104] found that 
calcineurin-inhibitor-associated nephrotoxicity (CNIT) 
was more common in patients carrying the CYP3A5*1 al-
lele than in patients who did not (32.4% vs 15.2%). Addi-
tionally, these researchers observed that CNIT developed 
in 25% of  patients with dose requirements exceeding 0.2 
mg/kg per day, 16.2% of  patients with doses between 
0.1-0.2 mg/kg per day and 4.5% of  patients needing less 
than 0.1 mg/kg per day; the carriers of  the CYP3A5*1 al-
lele predominantly comprised the higher tacrolimus dose 
ranges. These results suggest that patients expressing the 
CYP3A5*1 allele and a functional CYP3A5 enzyme may 

be predisposed to developing CNIT following transplan-
tation due to greater daily tacrolimus dose requirements. 
This was observed especially in patients who continued 
corticosteroid therapy (Table 4). However, the incidence 
of  delayed graft function and post-transplant diabetes mel-
litus was not different between CYP3A5 expressers and 
non-expressers.

In a more recent study, on 319 Hispanic kidney trans-
plant patients, other authors found that the SNPs in the 
cytoplasmic nuclear factor of  activated T cells 4 (NFATc4) 
gene, which is expressed in pancreatic islets, may confer 
a certain protection or also a predisposition with regard 
to NODAT; in particular, the patients carrying the SNP 
(rs10141896) T allele (T-T-T-T-G haplotype) showed a 
protection from NODAT, while patients homozygous for 
the C-C-C-G-G haplotype were associated with increased 
risk of  NODAT. Furthermore, the authors found that the 
use of  sirolimus and tacrolimus and a more advanced age 
(> 45 years) were also possibly correlated to the develop-
ment of  NODAT[107] (Table 4).

Cho et al[84] found that in 70 Korean renal transplant 
patients tacrolimus toxicity was more frequent in the sub-
jects with CYP3A5*1 alleles, who had significantly higher 
dose requirements of  the drug than patients expressing 
the *3 polymorphism (Table 4). Despite these findings, 
the study found no difference in the rate of  graft survival 
between the various genotype-differentiated study groups.

A study by Barrera-Pulido et al[94] on 53 liver transplant 
recipients found that patients with the CYP3A5*3/*3 
genotype receiving the organs from donors with an ABCB1 
polymorphism had a lower frequency of  renal dysfunction, 
the same rejection rate and a higher rate of  diabetes than the 
other groups studied (Table 4). 

However, Shi et al[66] found that in 216 Chinese liver 
transplant patients, carriers of  the CYP3A5*3 allele had an 
increased risk of  early renal injury compared with express-
ers of  the CYP3A5*1 allele, possibly due to decreased en-
zymatic activity and higher dose-adjusted trough concentra-
tions (Table 4). 

CONSIDERATIONS FOR FURTHER 
GENETIC RESEARCH
In addition to the previously discussed genetic polymor-
phisms, a number of  other variants that may potentially 
influence the pharmacokinetics and pharmacodynamics of  
tacrolimus and transplant outcomes have been proposed 
for further study.

P450 oxidoreductase*28
Cytochrome P450 oxidoreductase (POR) is essential for 
the electron donation in the microsomal-CYP450-me-
diated mono-oxygenation that catalyzes the metabolism 
of  approximately 85%-90% of  therapeutic drugs. More 
than 40 SNPs have been identified in the POR gene, and it 
has been suggested that several of  these mutations, specif-
ically the POR*28-C>T polymorphism, can increase this 
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Table 4  Effect of various single nucleotide polymorphisms on tacrolimus pharmacodynamics

activity and alter the baseline metabolic capacity of  several 
CYP isoforms. The *28 allelic variant has been found to 
be expressed in 19.1% of  African-Americans, 26.4% of  
Caucasian Americans, 31.0% of  Mexican Americans, and 
36.7% of  Chinese Americans[108].

A study by Zhang et al[109] on 71 healthy Chinese vol-
unteers found that the mean tacrolimus AUC(0-24) and Cmax 

(71.5 and 17.6 ng/mL, respectively) for patients who were 
CYP3A5 expressers as well as carriers of  the wild type CC 
POR genotype were 1.53 and 1.57 fold higher than those 
(46.7 and 11.2 ng/mL) observed in patients carrying POR 
allelic variants. No significant differences were observed 
between POR*28-CC homozygotes and POR*28-T car-
riers in CYP3A5 non-expressers, suggesting that the POR 
genotype is important in altering tacrolimus metabolism 
only in CYP3A5 expressing patients. 

These results were supported by a cohort study of  de 
Jonge et al[110] on 298 renal transplant recipients, which it 
was found that in CYP3A5 expressers, POR*28T allele car-
riers had lower trough tacrolimus levels in the first three 

days post-transplant and took longer to reach the target 
trough levels when compared with POR*28CC homo-
zygous patients. These patients with the variant POR 
genotype ultimately had 25% higher tacrolimus dose re-
quirements than patients expressing the wild type allele. 
Again, POR*28 polymorphisms were found to have no 
influence on tacrolimus pharmacokinetics in CYP3A5 
non-expressers, and no differences in transplant outcomes 
were observed between the study groups. 

CYP3A7
Previously thought to be confined to the fetal liver, CY-
P3A7 has been found to be expressed in up to 54-88% 
of  adult livers, but with a diminished metabolic capacity 
compared with that observed in children[111,112]. The role 
of  CYP3A7 in the biotransformation of  the CYP3A sub-
strates in the adult liver and intestine is unknown. However, 
it was observed that CYP3A7 expression in the adult liver 
and intestine is increased in the carriers of  the CYP3A7*1C 
allele[112,113]. This allele has a very low frequency (3%) both 
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Ref. Study population Transplant type/analysis of 
recipients, donors or both

Findings

Jun et al[98] 568 Korean Kidney and liver recipients 
(n = 506), and liver donors 

(n = 62)

No difference in incidence of organ rejection between different genotypes

Chen et al[103] 120 Chinese Kidney recipients Patients that received genotype-guided initial tacrolimus dosing vs standard 
protocol dose were more likely to achieve target drug levels

No influence on incidence of adverse effects between CYP3A5 expressers 
and non-expressers 

Jacobson et al[105] 945 (different ethnicities) Kidney recipients Every increase in tacrolimus blood trough level of 1 ng/mL increased the 
risk of early tacrolimus nephrotoxicity by 22%

Polymorphism was not associated with an increased or decreased risk of 
tacrolimus-related nephrotoxicity

Kuypers et al[106] 273 White,
3 Hispanic,

24 North African,
2 African,
2 Asian

Kidney recipients Delayed graft function was associated with higher initial mean tacrolimus 
blood trough levels and lower tacrolimus daily dose requirements, especially 

in CYP3A5 non-expressers
CYP3A5 expressers may be at lower risk of new-onset diabetes after trans-
plant (NODAT) due to diminished exposure to potentially toxic tacrolimus 

levels
Kuypers et al[104] 273 White,

3 Hispanic,
24 North African,

2 African,
2 Asian

Kidney recipients Patients expressing the CYP3A5*1 allele and a functional CYP3A5 enzyme 
may be predisposed to developing calcineurin-inhibitor-associated nephro-
toxicity (CNIT) following transplantation due to greater daily tacrolimus dose 

requirements
This was observed especially in patients continuing corticosteroid therapy 

The incidence of delayed graft function and post-transplant diabetes mel-
litus was not different between CYP3A5 expressers and non-expressers

Chen et al[107] 319 Hispanic Kidney recipients SNPs in the cytoplasmic NFATc4 gene may confer a certain protection or 
also predisposition for NODAT. Patients carrying the T allele and the T-T-
T-T-G haplotype showed a trend of protection from NODAT while patients 
with the C-C-C-G-G haplotype were associated with an increased risk of 

NODAT
The use of sirolimus and tacrolimus and advanced age were also possibly 

correlated in development of NODAT
Cho et al[84] 70 Korean Kidney recipients Higher drug-related toxicity in patients with the CYP3A5*1 allele than in 

those with the CYP3A5*3 SNP
No difference in graft survival between the two genotypes

Barrera-Pulido et al[94] 53 Spanish Liver recipients and donors Patients with CYP3A5*3/*3 allele receiving livers with an ABCB1 SNP had 
lower frequency of renal dysfunction, same rejection rate and higher diabe-

tes rate
Shi et al[66] 216 Chinese Liver recipients Patients with the CPY3A5*3 allele had greater risk of early renal injury than 

the patients with the *1 allele
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in Caucasians and African-Americans[61]. 
Although tacrolimus is believed to be a substrate for the 

CYP3A7 enzyme, the influence of  CYP3A7 metabolism on 
the pharmacokinetics of  tacrolimus requires further study, 
especially in pediatric patients[99].

CYP3A4*18B
This CYP3A4 polymorphism appears only in Asian  
(25%-30%)[114], primarily Korean, populations, but has been 
linked with a potentially increased metabolic capacity of  
the CYP3A4 enzyme. It has also been shown that carri-
ers of  the CYP3A5*1 allele are more likely to possess the 
CYP3A4*18B allele. As a result, further study is required 
to determine whether linkage disequilibrium with the 
CYP3A5*1 allele may confound the observed metabolic 
effects of  the CYP3A4*18B polymorphism. One study, by 
Jun et al[98], found no correlation between the CYP3A4*18 
allele and tacrolimus concentration to adjusted dose ratios 
in 506 Korean solid organ transplant recipients. A study 
of  22 healthy Chinese people showed a higher tacrolimus 
clearance in patients carrying the CYP3A4*18B allele 
with respect to those carrying the CYP3A4*1 allele[115]. 
A more recent study, by Li et al[116], on 83 Chinese renal 
transplant recipients confirmed the results of  the previous 
study. It found that the tacrolimus-dose-adjusted trough 
concentration was significantly lower in patients carrying 
the CYP3A4*18B allele compared with patients with the 
CYP3A4*1 allele.

CYP3A4*22
A new CYP3A4 allele (CYP3A4*22; rs35599367 C>T in 
intron 6) was recently discovered and also investigated in 
transplant patients[117,118].

In particular, a study on 185 renal transplant patients, 
mostly Caucasians, evaluated the impact of  this new SNP 
on tacrolimus pharmacokinetics. It showed that in the first 
year after transplantation, patients carrying one or two T 
alleles required significantly lower tacrolimus doses (33%) 
compared with patients homozygous for the wild-type 
C allele[118]. The authors attributed the result to the fact 
that this CYP3A4*22 SNP is significantly linked to reduc-
tions in CYP3A4 mRNA production and enzyme activity 
in human livers[118-120]. This SNP is relatively frequent in 
Caucasians (2.5%-6.9%). The authors also suggested that, 
though further studies are necessary, that pre-transplant 
genotyping of  the CYP3A4 C>T could reduce the risk of  
achieving supra-therapeutic tacrolimus levels[118].

However, in a study done on Brazilian renal transplant 
patients, CYP3A4*22 was not associated with changes in 
tacrolimus dose requirements[121].

CYP2C8 and CYP2J2
These enzymes, which are polymorphically expressed in 
the kidney, are involved in the synthesis of  epoxyeicosa-
trienoic acids that play a protective role against acute re-
jection and toxicity by acting as vasodilators to maintain 
adequate renal perfusion and limit hypertension. 

In a study on 163 liver transplant patients the authors 

found that patients with the CYP2C8*3 variant genotype 
appeared to be at higher risk of  tacrolimus-induced kidney 
disease, possibly because of  reduced formation of  the kid-
ney protecting epoxyeicosatrienoic acids[122].

In another study, on 103 renal transplant patients, the 
authors found a higher incidence of  delayed graft func-
tion and nephrotoxicity in patients homozygous for the 
CYP2C8*3 genotype, associated with reduced epoxyeicosa-
trienoic acid production and, consequently, less vasodilator 
activity[33].

In a more recent study the same research group could 
associate both CYP2C8*3 and donor age (> 48 years) with 
a higher incidence of  delayed graft function and poorer cre-
atinine clearance[123].

SLC01B1
This gene is responsible for expressing the organic an-
ion transporting polypeptides OATP1B1 and OATP1B3. 
These transporters play a role in the transport of  multiple 
compounds from the portal vein to hepatocytes and in 
the biliary excretion of  many drugs. Recently, Elens et al[99] 
found that the 388A>G and 521T>C polymorphisms in 
the SLCO1B1 gene influenced tacrolimus trough blood 
concentrations after the administration of  the first dose in 
150 liver transplant patients. In this study, patients express-
ing the 388 polymorphism showed a lower mean tacrolimus 
blood level, while alterations of  the 521 allele resulted in 
significantly greater trough drug levels. It was also recently 
demonstrated that cyclosporine and tacrolimus are inhibi-
tors of  the organic anion transporters, so that one cannot 
exclude the possibility that these drugs may be substrates of  
OATP1B1 and OATP1B3 as well.

Angiotensinogen C3889T (rs4762) gene polymorphism
It is well known that tacrolimus has a negative effect on 
pancreatic beta islet cells and can cause glucose intoler-
ance and diabetes mellitus[124]. However, new studies have 
suggested that post-transplant diabetes mellitus can also 
be related to other factors and, consequently, not only to 
tacrolimus administration[124,125]. Angiotensinogen (AGT) 
is the initial component of  the renin-angiotensin system 
(RAS) and a precursor of  both angiotensin Ⅰ and Ⅱ. In 
a study on 302 subjects, the authors found that the AGT 
gene polymorphism (rs4762) is associated with post-trans-
plant diabetes mellitus, due to insulin resistance, in Korean 
renal transplant patients[126]. Molecular and genetic studies 
demonstrate a relationship between variants of  the AGT 
gene, AGT gene expression and plasma AGT levels[127,128]. 
However, the association between this gene and glucose 
metabolism remain controversial.

DISCUSSION
As clinical trials continue to evaluate the influence of  ge-
netics on drug dosing and response, the challenge now 
becomes to assess the potential clinical implications of  this 
research for medical practice. Sufficient data has been ac-
cumulated to be certain that the liver donors and renal re-
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cipients CYP3A5 genotype has important influences on ta-
crolimus dosing and on its blood through levels. However, 
it remains the question whether genotyping should become 
a standard practice in transplantation.

This question is difficult to answer because of  the 
multi-factorial approach needed to assess the pharmaco-
kinetic profile of  a drug. Wide variability of  tacrolimus 
dosing requirements to reach target blood levels has been 
observed even among patients carrying the same geno-
type. This underlies the fact that genetic polymorphisms 
are only one of  the possible factors that can influence 
tacrolimus pharmacokinetics. Patient age, race, metabolic 
level, concomitant medications and a variety of  other 
environmental factors appear to play an even more signifi-
cant role than genotype in altering drug pharmacokinetics. 
Specifically in liver transplant patients, time after trans-
plantation also plays a critical role in altering drug me-
tabolism and distribution. The intestine may play a more 
important role soon after liver transplantation, before the 
liver recovers from the trauma of  surgery and resumes a 
higher level of  metabolic capacity. As liver function im-
proves, hepatic synthesis of  albumin also increases, which, 
in turn, decreases the unbound fraction of  tacrolimus and 
lowers drug clearance. This is just one example of  the 
many considerations that can ultimately impact the phar-
macokinetics of  an agent and highlights the difficulties in 
basing drug dosing on just one parameter.

To further complicate the issue, studies have yet to 
demonstrate a clear association between tacrolimus blood 
trough levels, genotype and transplant outcomes. Organ 
rejection and drug toxicities have been seen to develop 
in patients without any notable difference in tacrolimus 
blood concentration, making difficult to predict the op-
timal trough drug targets in relationship to the character-
istics of  the individual patient. Toxicities associated with 
tacrolimus are also often difficult to study because of  their 
insidious onset. Hypertension, hyperlipidemia and NO-
DAT develop slowly over a period of  many years, making 
the length of  a trial an issue when one wants to monitor 
these chronic medication effects. The mechanisms of  
such adverse effects are, again, not fully understood and 
require further research to determine the need to geno-
type patients, not only as a way of  lowering the incidence 
of  organ rejection, but also of  preventing drug toxicity 
after transplantation.

Studies in transplantation are also often difficult to 
conduct because of  the limited patient population. Many 
studies involve fewer than 100 patients, which may help 
explain some of  the variable results. A number of  these 
studies also differ in their pharmacokinetic methods, dos-
ing strategies, times when blood drug concentrations are 
assessed and patient’s characteristics. Differences between 
donor and recipient organ genotypes may also have con-
founded the results of  some studies, as the genetics of  
both the recipient and of  the donor were not always taken 
into account.

Genotyping is an attractive option for starting the dos-
ing of  tacrolimus; also, unlike phenotypic tests, the results 

of  which may vary with environmental factors, the geno-
type is a stable characteristic that needs to be determined 
only once for any given gene. However, to ultimately 
prove the usefulness of  genotyping, prospective clinical 
studies must show that genotype determination before 
transplantation allows the better use of  a given drug and 
improves the safety and clinical efficacy of  that medica-
tion. Currently Amplichip, a genetic test manufactured 
by Roche Pharmaceuticals, can determine a patient’s CY-
P2D6 and CYP2C19 polymorphisms for between United 
States $350 and $400, not including the mark up and other 
costs associated with the test. As a result, to offset the 
cost of  genetic testing, genotypic analyses must demon-
strate the ability to significantly improve transplant patient 
outcomes, in particular, graft life and patient survival, and 
show a cost saving for patients and for the health care sys-
tem as a whole.

CONCLUSION
At present, research has been able to reliably show that 
the CYP3A5, but not the CYP3A4 or ABCB1, genotype 
modifies the pharmacokinetics of  tacrolimus. However, 
it has not been possible to incontrovertibly show that the 
corresponding changes in the pharmacokinetic profile are 
linked with different patient outcomes regarding tacroli-
mus efficacy and toxicity. Additionally, given the high cost 
of  genotypic tests and the wide availability and utility of  
therapeutic drug monitoring, genotyping all transplant 
patients is not convenient for many individuals or Institu-
tions. This may change in the near future as further studies 
on pharmacogenetics will produce new data and the im-
provements in the genotyping analyses will drive down the 
costs associated with this type of  tests. For these reasons, 
pharmacogenetics and individualized medicine remain a 
fascinating area for further study and may ultimately be-
come the face of  future medical practice and drug dosing.
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Abstract
Criteria for liver transplantation (LT) for hepatocellular 
carcinoma (HCC) and post-LT indicators of progno-
sis are historically based on the measurement of the 
tumor mass. Recently, high throughput technologies 
have increased the prediction of recurrence, but these 
tools are not yet routinely available. The interaction 
between HCC and the immune system has revealed 
an imbalance of lymphocyte phenotypes in the peri-
tumoral tissue, and the increase of regulatory T cells 
with respect to cytotoxic lymphocytes has been linked 
to a higher rate of post-LT HCC recurrence. Moreover, 
some inflammatory markers have shown good reliabil-
ity in predicting cancer reappearance after surgery, as 
a result of either a systemic inflammatory response or 
a decreased capacity of the organism to control the tu-

mor growth. Among these markers, the neutrophil-to-
lymphocyte ratio appears to be the most promising and 
easily available serum parameter able to predict HCC 
recurrence after LT and following other types of treat-
ment, although the exact mechanisms determining its 
elevation have not been clarified. Post-LT immunosup-
pression may impact on cancer control, and the expo-
sure to high levels of calcineurin inhibitors or other im-
munusuppressants has recently emerged as a negative 
prognostic factor for HCC recurrence and patient sur-
vival. Despite the absence of prospective randomized 
trials, inhibitors of the mammalian target of rapamycin 
have been shown to be associated with lower rates of 
tumor recurrence compared to other immunosuppres-
sors, suggesting their use especially in patients with 
HCC exceeding the conventional indication criteria for LT.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Liver transplantation; Hepatocellular carci-
noma; Inflammation; Immunosuppression; Recurrence

Core tip: This review focuses on inflammatory mark-
ers recently emerged as indicators of tumor biological 
behavior and on immune state of patients submitted to 
liver transplantation for hepatocellular carcinoma (HCC), 
with a particular reference to the role of neutrophil-
to-lymphocyte ratio. The impact of post-transplant im-
munosuppression on HCC recurrence is also analyzed 
according to the most relevant evidences published so 
far, which outline the importance of minimization of the 
use of calcineurin inhibitors and the protective role of 
inhibitors of the mammalian target of rapamycin.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most 
common malignancies worldwide, and its incidence is 
increasing in Western countries[1]. For patients with HCC 
and cirrhosis, liver transplantation (LT) represents the 
treatment of  choice and provides excellent oncological 
results and a cure for cirrhosis. 

Prognostic factors for tumor recurrence and patient 
outcome have mainly been recognized as an expression 
of  tumor burden and of  its biological aggressiveness. 
Among these factors, the number and size of  HCC 
nodules, the degree of  differentiation, the presence of  
hepatic vascular invasion and elevated serum levels of  
alpha-fetoprotein (AFP) are the ones most widely utilized 
to define the indications for LT and to predict the out-
come[2-8]. Since it is often difficult to safely and/or reliably 
obtain histological parameters before LT[9,10], radiological 
tumor criteria and AFP levels are the main preoperative 
indicators of  prognosis.

The role of  markers of  inflammation and of  the 
patient’s immunological state have recently emerged as 
predictors of  outcome, providing information on the en-
vironment in which the tumor grows and on the systemic 
response to its expansion[11-20]. These markers are often 
correlated with dimensional and histological factors de-
termining a high risk of  recurrence, but the mechanisms 
by which they are expressed are still largely unexplored. 
While waiting for more precise molecular markers[21-23] to 
become of  routine use in defining the indications for and 
the prognosis of  LT, the above parameters of  inflamma-
tion may help to predict the biological behavior of  HCC.

Since post-LT pharmacological immunosuppression 
can ideally impact on the ability to control tumor reap-
pearance, the type, duration and total load of  immuno-
suppressors have also been investigated in recent years as 
predictors of  HCC recurrence[7,8,24-33].

The role of  inflammatory markers and of  post-LT 
immunosuppression on tumor recurrence and patient 
prognosis after LT for HCC are the subject of  the pres-
ent review. For this purpose, an extensive review of  
the English literature using the PubMed database was 
performed independently by two authors (Cescon M, 
Bertuzzo VR), separately selecting papers pertinent to the 
key terms “liver transplantation”, “hepatocellular carcino-
ma”, “recurrence” and “inflammation” for the investiga-
tion of  the impact of  inflammatory markers, and to the 
terms “liver transplantation”, “hepatocellular carcinoma”, 
“recurrence” and “immunosuppression” to assess the 
post-LT impact of  pharmacological immunosuppression.

RELATIONSHIP BETWEEN 
INFLAMMATORY AND IMMUNOLOGICAL 
MARKERS, AND OUTCOME AFTER LIVER 
TRANSPLANTATION FOR HCC
In the last two decades, Virchow’s hypothesis, which 
postulates that a relationship exists between inflamma-
tion and cancer, has permitted new insights into the phe-
nomenon of  carcinogenesis[34]. Given the importance of  
the peritumoral (micro)-environment, researchers have 
focused on markers that could be an expression of  the 
relationship between liver cancer and surrounding tissue, 
with a possible consequent change of  systemic inflamma-
tory response.

Infiltration of  pro-inflammatory macrophages, cyto-
kines and chemokines in the tumor microenvironment 
has been shown to enhance tumor growth, invasion and 
metastases[34-36], allowing the use of  inflammation param-
eters as tumor markers[37,38] and the development of  new 
therapeutic strategies[35,36].

C-reactive protein (CRP)[37-41] and erythrocyte sedi-
mentation rate (ESR)[42-45] were the first serum inflam-
mation indicators used as tumor markers. Elevated pre-
operative CRP, an acute-phase reactant synthesized by 
hepatocytes in response to systemic inflammation, has 
been recognized as a risk factor for incidental colorectal 
cancer[39] and as an adverse prognostic factor in patients 
undergoing hepatectomy for HCC[40], whereas ESR has 
been identified as an indicator of  poor prognosis in pa-
tients with clear cell renal cell carcinoma and in children 
with Hodgkin’s lymphoma[42,45].

Inflammatory cytokines such as interleukin-6 (IL-6) 
and IL-1b are linked to transcriptional signaling pathways 
associated with carcinogenesis, tumor growth, and inva-
sion[36,46]. IL-6 is known as one of  the main regulators of  
CRP production. 

The neutrophil-to-lymphocyte ratio (NLR) is another 
inflammation index that has been evaluated as a tumor 
marker[47-53]. Originally used as a systemic inflammatory 
response index in critically ill patients, it is obtained by 
dividing the absolute neutrophil count by the absolute 
lymphocyte count. According to published literature, an 
NLR ≥ 5 can be considered a valid cut-off[48,50,51]. 

Some studies have demonstrated the relationship be-
tween NLR and tumor progression in patients with colon 
cancer, liver metastases from colorectal cancer, pancreatic 
cancer, breast cancer, esophageal cancer, cholangiocarci-
noma, and HCC; in addition, a higher incidence of  HCC 
recurrence has been observed in patients with high NLR 
and undergoing hepatic resection[47-53].

An elevation of  NLR could be related to a relative 
increase of  neutrophils - as a consequence of  some sort 
of  inflammatory response - to a decrease of  lymphocyte 
count - reflecting a lower immunological control of  tu-
mor growth - or to both phenomena, with several studies 
supporting each of  these hypotheses.

LT for HCC represents a particular field of  investiga-
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tion of  inflammatory markers and local immunological 
activation as possible expressions of  tumor invasiveness 
and biological behavior. Although the visible tumor mass 
is usually treated preoperatively with neoadjuvant treat-
ments, and then entirely removed with hepatectomy, 
some parameters detected in the serum may help in 
recognizing a systemic response to cancer relapse due to 
viable cancer cells still in the patient’s circulation or in 
remote organs, at any time during the waiting time to LT, 
and following the procedure.

The role of  CRP has been analyzed for prediction of  
post-LT outcomes of  HCC patients[14]. In a series of  85 
patients, those with high CRP levels (≥ 1 mg/dL) at the 
time of  LT had higher total bilirubin levels, Child-Pugh 
grade, Model for End-Stage Liver Disease score, maxi-
mal tumor size, and frequency of  intrahepatic metastasis 
compared to patients with low CRP levels (< 1 mg/dL). 

By multivariate analyses, HCC beyond the Milan cri-
teria, a high CRP level, and microvascular invasion were 
associated with tumor recurrence, while a high CRP level 
and microvascular invasion were related to lower overall 
survival. In addition, high CRP level was an independent 
factor for predicting poor outcomes in patients with 
HCC beyond the Milan criteria, but not in patients with 
HCC within the criteria[14]. Taken together, these find-
ings suggest that CRP is related to poor liver function 
and higher tumor invasiveness, but the precise molecular 
mechanisms for its increase in such circumstances are not 
clarified. Moreover, another study[16] failed to detect any 
relationship between CRP (and ESR) and post-LT HCC 
recurrence. 

Unitt et al[11] studied the tumor CD4+, CD8+, CD25+ 
and Foxp3+ lymphocyte infiltrate in the explant tissue 
of  69 patients transplanted due to HCC. On multivari-
ate analysis, CD4:CD8 ratio, vascular invasion, tumor 
size, and reduced lymphocyte infiltration were significant 
independent predictors of  recurrence. The presence of  
regulatory T cells (Tregs; CD4+, CD25+, Foxp3+ T-lym-
phocytes) was not predictive of  recurrence, but was as-
sociated with tumor vascular invasion. These data suggest 
that a reduced immunological response against cancer ex-
pressed as prevalence of  Tregs and a lower expression of  
cytotoxic lymphocytes is associated with poor prognosis.

The above findings were partly supported by another 
study by Mathai et al[12], who assessed the phenotype 
of  tumor-infiltrating lymphocytes in 131 histology sec-
tions of  patients undergoing LT or liver resection for 
HCC. An increased Foxp3:CD3 ratio was associated with 
poorly differentiated HCC and higher Edmonson-Steiner 
nuclear grade. An increased Foxp3:CD8 ratio was also as-
sociated with poorer differentiation, higher Edmonson-
Steiner nuclear grade, tumor recurrence, decreased overall 
survival, and decreased disease-free survival.

Although not focused on LT recipients, other studies 
showed that patients with HCC have increased numbers 
of  CD4+ CD25+ Tregs not only among tumor-infiltrating 
lymphocytes, but also in the peripheral blood; further-
more, the abundance of  this cell population correlated 
with tumor progression. These cells were anergic toward 

T-cell receptor stimulation and, when cocultured with 
activated CD4+ CD25- cells, potently suppressed their 
proliferation and cytokine secretion. Concomitantly, the 
expression of  granzyme A, granzyme B, and perforin 
was decreased dramatically in tumor-infiltrating CD8(+) 
T cells, confirming their inefficacy in controlling tumor 
expansion[54,55].

In summary, an imbalance between Tregs and CD8 
lymphocytes, with a prevalence of  the former and a de-
fective function of  the latter, does reflect an aggressive 
behavior of  HCC and the inability of  the organism to 
control the disease. While these findings potentially pave 
the way to new treatments, they cannot be unequivocally 
correlated with markers easily available by means of  com-
mon lab tests, such as NLR (see below).

Nevertheless, novel methods for assessing the im-
mune function of  transplanted patients could be useful 
in the future. The Immu-Know assay, which measures 
the amount of  adenosine triphosphate (ATP) produced 
by activated CD4+ T cells, has been used to evaluate the 
global immune status, and thus the tendency to develop 
rejection or, on the contrary, post-LT infections[56].

This tool has also proven to be reliable in predicting 
post-LT HCC recurrence, with recipients diagnosed with 
recurrent tumors having significantly lower values of  
ATP compared to those without recurrence[13]. This re-
fined measurement of  the immune state of  LT recipients 
could replace the more indirect evaluation allowed by 
systemic exposure to immunosuppressive agents.

Several studies have demonstrated that an increased 
NLR is an independent factor for lower recurrence-free 
survival and/or overall survival in LT HCC patients[15-20]. 
These studies are reported in Table 1. A total of  892 pa-
tients were included. The chosen cutoff  value of  NLR 
ranged from 3 to 5, with most studies using the value of  
5[15,16,18], while others identified lower values[17,19,20].

In the groups of  patients with NLR above the se-
lected risk thresholds, overall survival ranged between 
14% and 57%, and recurrence-free survival was between 
6% and 42%. Only one study reported both the NLR at 
diagnosis of  HCC and NLR at transplant, showing that 
this variable had a similar negative impact on outcome at 
the two chosen time points[18].

High NLR was an independent predictor of  outcome 
in all studies, in most cases together with other common-
ly recognized risk factors. Interestingly, in two studies 
NLR was not correlated with histological, serological and 
dimensional features with a recognized, negative impact 
on recurrence[15,18].

In the above reports, different explanations for the 
alteration of  NLR were provided but, though reasonable, 
most of  them were speculative. Only one group, which 
produced two different analyses on this topic, investi-
gated the correlation between NLR and the alterations 
of  phenotype/function of  leucocytes or other cells in tis-
sues surrounding neoplastic nodules[19]. Interestingly, the 
Authors found that serum and peritumoral IL-17 levels 
were significantly higher in patients with high NLR, and 
that the density of  peritumoral CD163-positive tumor 
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growth and neutrophil recruitment, thus it could be a 
key molecule in the relationship between NLR (which 
is supposed to increase due to expansion of  neutrophils 
following recruitment) and HCC recurrence; and (4) the 
authors’ results are consistent with the demonstrated re-
lationship between IL-7-producing T cells and TAMs. IL-
7-producing T cells promote the differentiation of  tissue 
macrophages in peritumoral tissue into TAMs, which in 
turn promote tumor proliferation and angiogenesis. In 
fact, monocytes are recruited from the circulation into 
local tissue or malignant sites, where they are recognized 
by CD68-positive residential macrophages. Under the ef-
fect of  inflammatory cytokines released by tumors, some 
of  these macrophages differentiate into CD163-positive 
TAMs that, contrary to CD68+ macrophages, are sup-
pressors of  the anti-tumor immune response. 

IL-17-producing cells interact with TAMs in patients 
with HCC, and both IL-17-producing cells and CD163+ 
TAMs generate the same family of  chemokines promot-
ing the recruitment of  monocytes and neutrophils[19,57-61].

Finally, it should be considered that in the authors’ 
series splenectomy was performed during LT in patients 
with hepatitis C virus-positive or significant portal hyper-
tension, and splenectomy itself  could have had a role in 
the balance between neutrophil and lymphocyte count. 
Moreover, TAMs have been demonstrated to originate 
from splenic monocytes. However, splenectomy itself  
was not associated with HCC recurrence in this study, 

associated macrophages (TAM) was both correlated with 
the density of  peritumoral IL-17-producing cells, and 
significantly higher in subjects with elevated NLR. Con-
versely, tumor, peritumoral and serum expression of  vas-
cular endothelial growth factor (VEGF) and of  IL-8, i.e., 
two recognized angiogenesis and tumor growth factors, 
was similar between high and low NLR groups. Tumor 
expression of  IL-17, CD68, and CD163 was also compa-
rable in patients with elevated or normal NLR.

A positive correlation between CRP and NLR, the 
absence of  correlation between NLR and tumor markers, 
number and size of  nodules, and microvascular inva-
sion, the association between high NLR and an increased 
serum neutrophil count, and the absence of  correlation 
between NLR and total serum lymphocytes were other 
important findings[19].

Consistently with previous studies[57-61], the authors 
came to the following conclusions: (1) contrary to other 
investigations, the elevation of  NLR seems correlated 
with an increase of  neutrophil number rather than of  
lymphocytes, suggesting a dependence of  tumor relapse 
on the inflammatory state rather than on an impaired 
host immune response; (2) elevated neutrophils are 
thought to be a reservoir of  VEGF, but the expression 
of  VEGF and of  IL-8 did not have any impact on NLR, 
suggesting that NLR elevation is not directly responsible 
for augmented HCC-related neo-angiogenesis; (3) IL-17 
is a pro-inflammatory cytokine that promotes HCC 

  Ref. Patients (n ) Type of 
LT

NLR cut-off 
level for poor 

prognosis

Other factors associated 
with worse outcome

5-yr RFS with 
high vs  low NLR

5-yr OS with 
high vs  low 

NLR

Parameters positively correlated 
with increased NLR

  Halazun et al[15] 150 NA 5 Tumor size
AFP

25% vs 75%1 28% vs 64% None

  Bertuzzo et al[16] 219 DDLT 5 Microvascular invasion 6% vs 89% 14% vs 73% Micro/macro vascular invasion
Tumor grading

AFP
CRP

Outside MC
  Wang et al[17] 101 DDLT 3 Tumor number

Macrovascular invasion
28% vs 65%1 19% vs 62% Macrovascular invasion

AFP
Tumor size
Outside MC

Outside UCSF criteria
Outside Hangzhou criteria

  Limaye et al[18] 160 NA 5 Microvascular invasion 
AFP

27% vs 79% 38% vs 68% None

  Motomura et al[19] 158 LDLT 4 Outside MC 30% vs 89% 57% vs 84% Serum/peritumoral IL-17
Density of peritumoral CD163

CRP
Tacrolimus vs cyclosporine

  Yoshizumi et al[20]2 104 LDLT 4 Nodule size + number 
≥ 8.0

42% vs 86% Not reported Microvascular invasion
Tumor grading

Table 1  Studies reporting the negative impact of increased neutrophil-to-lymphocyte ratio measured at transplant on the outcome 
of liver transplantation for hepatocellular carcinoma

1In these studies, disease-free survival instead of recurrence-free survival rates were reported (and displayed in the present table); 2This study was per-
formed by the same authors as the previous one[19], and included only patients with surgical and/or locoregional treatment preceding living donor liver 
transplantation (LDLT). Thus, the patient population is probably at least partly included in the population of the previous study from the same Institution. 
NLR: Neutrophil-to-lymphocyte ratio; LT: Liver transplantation; HCC: Hepatocellular carcinoma; RFS: Recurrence-free survival; OS: Overall survival; NA: 
Not assessable; AFP: Alpha-fetoprotein; CRP: C-reactive protein; MC: Milan criteria; DDLT: Deceased donor liver transplantation; UCSF: University of 
California at San Francisco. 
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even though in the group of  patients with elevated NLR, 
splenectomy led to significantly better recurrence-free 
survival than the abstention from this procedure, sug-
gesting the supply of  splenic TAMs with high IL-17 con-
centrations after LT[19]. 

The same authors confirmed the relevant role of  NLR 
on HCC recurrence in patients undergoing living donor 
liver transplantation for tumor recurrence after surgical 
resection and/or locoregional treatment[20], and in those 
submitted to liver resection[62].

By evaluating 958 patients who underwent hepatec-
tomy without preoperative therapy for HCC, multivariate 
analysis showed that NLR was an independent prognostic 
factor of  lower overall and recurrence-free survival, the 
best cutoff  being 2.81. Again, CD163-positive cell counts 
were significantly higher in tumors of  patients with high 
NLR than in those with low NLR[62].

Finally, one of  the advantages of  an easily obtainable 
serum marker is to assess the response to pre-LT treat-
ments of  HCC and the probability of  dropout from the 
waiting list. NLR has been shown to be a good predic-
tor of  the risk of  dropout, while platelet-to-lymphocyte 
ratio has been related to post-LT HCC recurrence[63]. On 
the other hand, since multimodal treatments are usually 
adopted while on the waiting list for LT, it has also been 
shown that NLR, or NLR postoperative changes, cor-
relate with HCC recurrence and patient outcome after 
radiofrequency ablation[64,65].

EFFECT OF IMMUNOSUPPRESSION 
ON HCC RECURRENCE AFTER LIVER 
TRANSPLANTATION
At present, there is a general consensus on the negative 

impact of  pharmacological immunosuppression on the 
outcome of  LT for HCC[7,8,24-33]. Specifically, two clinical 
pieces of  evidence have emerged: (1) the higher the expo-
sure to calcineurin inhibitors (CNI), i.e., cyclosporine and 
tacrolimus, the higher the risk of  post-LT HCC recur-
rence; and (2) one specific class of  immunosuppressors, 
i.e., inhibitors of  the mammalian target of  rapamycin 
(mTORi), have a favorable effect in reducing the inci-
dence of  post-LT HCC recurrence compared to standard 
immunosuppressors (CNI). Everolimus and sirolimus, 
the two mTORi currently in use in solid organ trans-
plantation, interfere with hepatocarcinogenesis through 
the inhibition of  the PI3K/Akt/mTOR pathway, which 
is a key regulator of  cellular proliferation and angiogen-
esis[66,67].

Several studies led to the above conclusions[7,8,24-33], al-
though it is of  relevance that none of  these is a prospec-
tive, randomized trial. Table 2 depicts the retrospective 
clinical studies published so far on this topic, with the ex-
clusion of  reports with less than 20 patients and previous 
reviews or meta-analyses.

Overall recurrence rates ranged between 12% and 
32%. Four out of  13 reported studies showed that among 
patients immunosuppressed with CNI, those exposed to 
higher dosages had unfavorable outcomes, with signifi-
cantly higher HCC recurrence rates or lower recurrence-
free survival rates compared to patients receiving lower 
dosages[7,24,26,33]. One study reported a lower recurrence-
free survival in patients treated with cyclosporine vs those 
treated with tacrolimus[27].

In 5 studies, patients treated with sirolimus (most fre-
quently in combination with low dosages of  tacrolimus) 
showed higher overall or recurrence-free survival rates 
compared to patients receiving standard CNI-based im-
munosuppression[8,28-31]. In one study[25], patients treated 

  Ref. Evaluated
immunosuppressor

Evaluated parameter Patients (n ) Overall 
recurrence 

rate

Outcome parameters P  value

  Vivarelli et al[24] CsA cumulative 
dosage 1st yr

Low dosage 1st yr vs high dosage 
1st yr

39 vs 30 12.20% 5 yr RFS: 93% vs 5 yr RFS: 76%    0.0100

  Kneteman et al[25] SRL in MC vs out MC   19 vs 21 12.50% 4 yr RFS:  81.1% vs 4 yr RFS: 76.8%    0.4800
  Vivarelli et al[26] CsA Low exposure vs high exposure   49 vs 21 10.00%       RR: 0% vs RR:  33.3% < 0.0010
  Decaens et al[27] CNI CsA vs TAC   264 vs 119 31.80% 5 yr RFS: 52.5% vs 5 yr RFS: 70.8%     0.0030
  Decaens et al[27] ATG/OKT3 Not administered vs administered 356 vs 55 31.80% 5 yr RFS: 58.8% vs 5 yr RFS: 45.4%     0.0200
  Vivarelli et al[7] TAC Low exposure vs high exposure   44 vs 16 20.00% RR: 9.1% vs RR:  50%     0.0010
  Zhou et al[28] TAC and SRL

in patients outMC
TAC vs SRL   46 vs 27 27.40% 2 yr OS: 50.9% vs 2 yr OS: 80.6%     0.0110

  Zimmerman et al[29] TAC and SRL TAC + MMF vs TAC + SRL   52 vs 45 12.40% 5 yr RFS: 54.0% vs 5 yr RFS: 78.8% -
  Chinnakotla et al[8] TAC and SRL TAC + MMF vs SRL   106 vs 121 11.00% 5 yr RFS: 60% vs 5 yr RFS: 80%     0.0001
  Vivarelli et al[30] TAC and SRL TAC vs TAC + SRL   31 vs 31 25.80% 3 yr RFS: 56% vs 3 yr RFS: 86%     0.0400
  Toso et al[31] SRL Not administered vs administered 2382 vs 109 - 5 yr OS: 68.7% vs 5 yr OS: 83.1% ≤ 0.0500
  Xing et al[32] Basiliximab and 

steroids in patients 
in MC

TAC + MMF + basiliximab vs 
TAC + MMF + steroids

  28 vs 36 - 5 yr OS: 88.9% vs 5 yr OS: 57.4%     0.0220

  Rodríguez-Perálvarez et al[33] CNI Low exposure 1st mo vs high 
exposure 1st mo

171 vs 48 16.40% 5 yr RR: 14.7% vs 5 yr RR: 27%    0.0070

Table 2  Studies reporting the effect of different basal immunosuppression schedules on the outcome of liver transplantation for 
hepatocellular carcinoma

LT: Liver transplantation; HCC: Hepatocellular carcinoma; CsA: Cyclosporine A; RFS: Recurrence free survival; SRL: Sirolimus; MC: Milan criteria; RR: Re-
currence rate; CNI: Calcineurin inhibitors; TAC: Tacrolimus; ATG: Anti-thymocyte globulins; OS: Overall survival; MMF: Mycophenolate mofetil.
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with sirolimus had similar recurrence-free survival rates, 
irrespective of  fulfillment of  the Milan criteria. 

One study showed a detrimental effect of  the use 
of  monoclonal antibodies (anti-thymocite globulins or 
OKT3), with a lower recurrence-free survival in patients 
receiving these drugs compared to those not adminis-
tered them[27]. Another study revealed that the use of  
steroids vs basiliximab led to significantly lower overall 
survival rates[32].

A definitive validation of  the benefit of  mTORi in 
LT for HCC is expected to be provided in 2014 by an 
international multicenter, prospective, randomized trial 
comparing the outcomes of  patients administered or not 
administered sirolimus following post-LT histological 
confirmation of  HCC[68]. However, at present the use of  
mTORi in LT for HCC seems justified on the basis of  
the above reported results and according to a recent met-
analysis conducted on 5 studies and 474 patients, which 
showed a lower recurrence rate, longer recurrence-free 
survival and overall survival, and lower recurrence-related 
mortality in sirolimus-treated patients in comparison with 
CNI-treated patients[69].

CONCLUSION
Recent insights into the interactions between tumor, peri-
tumoral tissue, and systemic inflammatory and immune 
response have offered new indicators for prognosis of  
patients with HCC undergoing various types of  treat-
ment, including LT. NLR has proven to be a reliable and 
easily available inflammatory marker of  tumor biologi-
cal aggressiveness, making its use advisable along with 
common dimensional indexes in assessing the response 
to treatments and the indication for LT, and to predict 
the outcomes. Although recent reports provided a rea-
sonable molecular basis for the alteration of  NLR and, 
more in general, for the tumor-related imbalance between 
immune cells in terms of  number and function, much 
remains to be explored to expand targeted diagnostic and 
therapeutic tools. On the other hand, despite the lack of  
prospective, randomized studies, there is sufficient evi-
dence for the minimization of  immunosuppression and 
for the use of  mTORi in LT for HCC, especially in the 
case of  extended indications for transplant. 

REFERENCES
1	 International Agency for Research on Cancer, 2011. Available 

from: URL: http //www.iarc.fr/. Accessed July 20, 2013
2	 Welker MW, Bechstein WO, Zeuzem S, Trojan J. Recur-

rent hepatocellular carcinoma after liver transplantation - 
an emerging clinical challenge. Transpl Int 2013; 26: 109-118 
[PMID: 22994652 DOI: 10.1111/j.1432-2277.2012.01562]

3	 Sotiropoulos GC, Molmenti EP, Lösch C, Beckebaum S, Bro-
elsch CE, Lang H. Meta-analysis of tumor recurrence after 
liver transplantation for hepatocellular carcinoma based on 
1,198 cases. Eur J Med Res 2007; 12: 527-534 [PMID: 18024261]

4	 Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, 
Bozzetti F, Montalto F, Ammatuna M, Morabito A, Gennari L. 
Liver transplantation for the treatment of small hepatocellu-
lar carcinomas in patients with cirrhosis. N Engl J Med 1996; 

334: 693-699 [PMID: 8594428]
5	 Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M, 

Mariani L, Camerini T, Roayaie S, Schwartz ME, Grazi GL, 
Adam R, Neuhaus P, Salizzoni M, Bruix J, Forner A, De 
Carlis L, Cillo U, Burroughs AK, Troisi R, Rossi M, Gerunda 
GE, Lerut J, Belghiti J, Boin I, Gugenheim J, Rochling F, Van 
Hoek B, Majno P. Predicting survival after liver transplan-
tation in patients with hepatocellular carcinoma beyond 
the Milan criteria: a retrospective, exploratory analysis. 
Lancet Oncol 2009; 10: 35-43 [PMID: 19058754 DOI: 10.1016/
S1470-2045(08)70284-5]

6	 DuBay D, Sandroussi C, Sandhu L, Cleary S, Guba M, Cat-
tral MS, McGilvray I, Ghanekar A, Selzner M, Greig PD, 
Grant DR. Liver transplantation for advanced hepatocellular 
carcinoma using poor tumor differentiation on biopsy as 
an exclusion criterion. Ann Surg 2011; 253: 166-172 [PMID: 
21294289 DOI: 10.1097/SLA.0b013e31820508f1]

7	 Vivarelli M, Cucchetti A, La Barba G, Ravaioli M, Del Gau-
dio M, Lauro A, Grazi GL, Pinna AD. Liver transplantation 
for hepatocellular carcinoma under calcineurin inhibitors: 
reassessment of risk factors for tumor recurrence. Ann 
Surg 2008; 248: 857-862 [PMID: 18948815 DOI: 10.1097/
SLA.0b013e3181896278]

8	 Chinnakotla S, Davis GL, Vasani S, Kim P, Tomiyama K, 
Sanchez E, Onaca N, Goldstein R, Levy M, Klintmalm GB. 
Impact of sirolimus on the recurrence of hepatocellular 
carcinoma after liver transplantation. Liver Transpl 2009; 15: 
1834-1842 [PMID: 19938137 DOI: 10.1002/lt.21953]

9	 Silva MA, Hegab B, Hyde C, Guo B, Buckels JA, Mirza DF. 
Needle track seeding following biopsy of liver lesions in the 
diagnosis of hepatocellular cancer: a systematic review and 
meta-analysis. Gut 2008; 57: 1592-1596 [PMID: 18669577 DOI: 
10.1136/gut.2008.149062]

10	 van der Poorten D, Kwok A, Lam T, Ridley L, Jones DB, Ngu 
MC, Lee AU. Twenty-year audit of percutaneous liver biopsy 
in a major Australian teaching hospital. Intern Med J 2006; 36: 
692-699 [PMID: 17040353 DOI: 10.1111/j.1445-5994.2006.01216.x]

11	 Unitt E, Marshall A, Gelson W, Rushbrook SM, Davies S, 
Vowler SL, Morris LS, Coleman N, Alexander GJ. Tumour 
lymphocytic infiltrate and recurrence of hepatocellular car-
cinoma following liver transplantation. J Hepatol 2006; 45: 
246-253 [PMID: 16580084 DOI: 10.1016/j.jhep.2005.12.027]

12	 Mathai AM, Kapadia MJ, Alexander J, Kernochan LE, 
Swanson PE, Yeh MM. Role of Foxp3-positive tumor-
infiltrating lymphocytes in the histologic features and 
clinical outcomes of hepatocellular carcinoma. Am J Surg 
Pathol 2012; 36: 980-986 [PMID: 22446942 DOI: 10.1097/
PAS.0b013e31824e9b7c]

13	 Cheng JW, Shi YH, Fan J, Huang XW, Qiu SJ, Xiao YS, Wang 
Z, Dai Z, Tang ZY, Zhou J. An immune function assay pre-
dicts post-transplant recurrence in patients with hepatocel-
lular carcinoma. J Cancer Res Clin Oncol 2011; 137: 1445-1453 
[PMID: 21809031 DOI: 10.1007/s00432-011-1014-0]

14	 An HJ, Jang JW, Bae SH, Choi JY, Yoon SK, Lee MA, You 
YK, Kim DG, Jung ES. Serum C-reactive protein is a useful 
biomarker for predicting outcomes after liver transplanta-
tion in patients with hepatocellular carcinoma. Liver Transpl 
2012; 18: 1406-1414 [PMID: 22821639]

15	 Halazun KJ, Hardy MA, Rana AA, Woodland DC, Luyten 
EJ, Mahadev S, Witkowski P, Siegel AB, Brown RS, Emond 
JC. Negative impact of neutrophil-lymphocyte ratio on 
outcome after liver transplantation for hepatocellular car-
cinoma. Ann Surg 2009; 250: 141-151 [PMID: 19561458 DOI: 
10.1097/SLA.0b013e3181a77e59]

16	 Bertuzzo VR, Cescon M, Ravaioli M, Grazi GL, Ercolani 
G, Del Gaudio M, Cucchetti A, D’Errico-Grigioni A, Gol-
fieri R, Pinna AD. Analysis of factors affecting recurrence 
of hepatocellular carcinoma after liver transplantation 
with a special focus on inflammation markers. Transplanta-
tion 2011; 91: 1279-1285 [PMID: 21617590 DOI: 10.1097/

Cescon M et al . LT for HCC



9180 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

TP.0b013e3182187cf0]
17	 Wang GY, Yang Y, Li H, Zhang J, Jiang N, Li MR, Zhu HB, 

Zhang Q, Chen GH. A scoring model based on neutrophil 
to lymphocyte ratio predicts recurrence of HBV-associated 
hepatocellular carcinoma after liver transplantation. PLoS 
One 2011; 6: e25295 [PMID: 21966488 DOI: 10.1371/journal.
pone.0025295]

18	 Limaye AR, Clark V, Soldevila-Pico C, Morelli G, Suman A, 
Firpi R, Nelson DR, Cabrera R. Neutrophil-lymphocyte ratio 
predicts overall and recurrence-free survival after liver trans-
plantation for hepatocellular carcinoma. Hepatol Res 2013; 43: 
757-764 [PMID: 23193965 DOI: 10.1111/hepr.12019]

19	 Motomura T, Shirabe K, Mano Y, Muto J, Toshima T, 
Umemoto Y, Fukuhara T, Uchiyama H, Ikegami T, Yoshi-
zumi T, Soejima Y, Maehara Y. Neutrophil-lymphocyte 
ratio reflects hepatocellular carcinoma recurrence after 
liver transplantation via inflammatory microenvironment. 
J Hepatol 2013; 58: 58-64 [PMID: 22925812 DOI: 10.1016/
j.jhep.2012.08.017]

20	 Yoshizumi T, Ikegami T, Yoshiya S, Motomura T, Mano Y, 
Muto J, Ikeda T, Soejima Y, Shirabe K, Maehara Y. Impact of 
tumor size, number of tumors and neutrophil-to-lymphocyte 
ratio in liver transplantation for recurrent hepatocellular car-
cinoma. Hepatol Res 2013; 43: 709-716 [PMID: 23190306 DOI: 
10.1111/hepr.12016]

21	 Hoshida Y, Villanueva A, Kobayashi M, Peix J, Chiang DY, 
Camargo A, Gupta S, Moore J, Wrobel MJ, Lerner J, Reich M, 
Chan JA, Glickman JN, Ikeda K, Hashimoto M, Watanabe G, 
Daidone MG, Roayaie S, Schwartz M, Thung S, Salvesen HB, 
Gabriel S, Mazzaferro V, Bruix J, Friedman SL, Kumada H, 
Llovet JM, Golub TR. Gene expression in fixed tissues and 
outcome in hepatocellular carcinoma. N Engl J Med 2008; 359: 
1995-2004 [PMID: 18923165 DOI: 10.1056/NEJMoa0804525]

22	 Toffanin S, Hoshida Y, Lachenmayer A, Villanueva A, Ca-
bellos L, Minguez B, Savic R, Ward SC, Thung S, Chiang DY, 
Alsinet C, Tovar V, Roayaie S, Schwartz M, Bruix J, Waxman S, 
Friedman SL, Golub T, Mazzaferro V, Llovet JM. MicroRNA-
based classification of hepatocellular carcinoma and onco-
genic role of miR-517a. Gastroenterology 2011; 140: 1618-1628.
e16 [PMID: 21324318 DOI: 10.1053/j.gastro.2011.02.009]

23	 Villanueva A, Hoshida Y, Battiston C, Tovar V, Sia D, Al-
sinet C, Cornella H, Liberzon A, Kobayashi M, Kumada H, 
Thung SN, Bruix J, Newell P, April C, Fan JB, Roayaie S, 
Mazzaferro V, Schwartz ME, Llovet JM. Combining clinical, 
pathology, and gene expression data to predict recurrence of 
hepatocellular carcinoma. Gastroenterology 2011; 140: 1501-12.
e2 [PMID: 21320499 DOI: 10.1053/j.gastro.2011.02.006]

24	 Vivarelli M, Bellusci R, Cucchetti A, Cavrini G, De Ruvo N, 
Aden AA, La Barba G, Brillanti S, Cavallari A. Low recur-
rence rate of hepatocellular carcinoma after liver transplan-
tation: better patient selection or lower immunosuppression? 
Transplantation 2002; 74: 1746-1751 [PMID: 12499891]

25	 Kneteman NM, Oberholzer J, Al Saghier M, Meeberg GA, 
Blitz M, Ma MM, Wong WW, Gutfreund K, Mason AL, Jew-
ell LD, Shapiro AM, Bain VG, Bigam DL. Sirolimus-based 
immunosuppression for liver transplantation in the pres-
ence of extended criteria for hepatocellular carcinoma. Liver 
Transpl 2004; 10: 1301-1311 [PMID: 15376305 DOI: 10.1002/
lt.20237]

26	 Vivarelli M, Cucchetti A, Piscaglia F, La Barba G, Bolondi 
L, Cavallari A, Pinna AD. Analysis of risk factors for tumor 
recurrence after liver transplantation for hepatocellular car-
cinoma: key role of immunosuppression. Liver Transpl 2005; 
11: 497-503 [PMID: 15838913 DOI: 10.1002/lt.20391]

27	 Decaens T, Roudot-Thoraval F, Bresson-Hadni S, Meyer 
C, Gugenheim J, Durand F, Bernard PH, Boillot O, Compa-
gnon P, Calmus Y, Hardwigsen J, Ducerf C, Pageaux GP, 
Dharancy S, Chazouillères O, Cherqui D, Duvoux C. Role of 
immunosuppression and tumor differentiation in predicting 
recurrence after liver transplantation for hepatocellular car-

cinoma: a multicenter study of 412 patients. World J Gastroen-
terol 2006; 12: 7319-7325 [PMID: 17143948]

28	 Zhou J, Wang Z, Wu ZQ, Qiu SJ, Yu Y, Huang XW, Tang 
ZY, Fan J. Sirolimus-based immunosuppression therapy in 
liver transplantation for patients with hepatocellular carci-
noma exceeding the Milan criteria. Transplant Proc 2008; 40: 
3548-3553 [PMID: 19100435 DOI: 10.1016/j.transproceed.200
8.03.165]

29	 Zimmerman MA, Trotter JF, Wachs M, Bak T, Campsen 
J, Skibba A, Kam I. Sirolimus-based immunosuppression 
following liver transplantation for hepatocellular carci-
noma. Liver Transpl 2008; 14: 633-638 [PMID: 18324656 DOI: 
10.1002/lt.21420]

30	 Vivarelli M, Dazzi A, Zanello M, Cucchetti A, Cescon M, 
Ravaioli M, Del Gaudio M, Lauro A, Grazi GL, Pinna AD. 
Effect of different immunosuppressive schedules on recur-
rence-free survival after liver transplantation for hepatocel-
lular carcinoma. Transplantation 2010; 89: 227-231 [PMID: 
20098287 DOI: 10.1097/TP.0b013e3181c3c540]

31	 Toso C, Merani S, Bigam DL, Shapiro AM, Kneteman NM. 
Sirolimus-based immunosuppression is associated with in-
creased survival after liver transplantation for hepatocellular 
carcinoma. Hepatology 2010; 51: 1237-1243 [PMID: 20187107 
DOI: 10.1002/hep.23437]

32	 Xing T, Huang L, Yu Z, Zhong L, Wang S, Peng Z. Compari-
son of steroid-free immunosuppression and standard immu-
nosuppression for liver transplant patients with hepatocel-
lular carcinoma. PLoS One 2013; 8: e71251 [PMID: 23940730 
DOI: 10.1371/journal.pone.0071251]

33	 Rodríguez-Perálvarez M, Tsochatzis E, Naveas MC, Pieri G, 
García-Caparrós C, O’Beirne J, Poyato-González A, Ferrín-
Sánchez G, Montero-Álvarez JL, Patch D, Thorburn D, Brice-
ño J, De la Mata M, Burroughs AK. Reduced exposure to cal-
cineurin inhibitors early after liver transplantation prevents 
recurrence of hepatocellular carcinoma. J Hepatol 2013; 59: 
1193-1199 [PMID: 23867318 DOI: 10.1016/j.jhep.2013.07.012]

34	 Balkwill F, Mantovani A. Inflammation and cancer: back to 
Virchow? Lancet 2001; 357: 539-545 [PMID: 11229684]

35	 Coussens LM, Werb Z. Inflammation and cancer. Nature 
2002; 420: 860-867 [PMID: 12490959]

36	 Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related 
inflammation. Nature 2008; 454: 436-444 [PMID: 18650914 
DOI: 10.1038/nature07205]

37	 McMillan DC, Canna K, McArdle CS. Systemic inflammato-
ry response predicts survival following curative resection of 
colorectal cancer. Br J Surg 2003; 90: 215-219 [PMID: 12555298 
DOI: 10.1002/bjs.4038]

38	 Il’yasova D, Colbert LH, Harris TB, Newman AB, Bauer DC, 
Satterfield S, Kritchevsky SB. Circulating levels of inflamma-
tory markers and cancer risk in the health aging and body 
composition cohort. Cancer Epidemiol Biomarkers Prev 2005; 
14: 2413-2418 [PMID: 16214925 DOI: 10.1158/1055-9965.
EPI-05-0316]

39	 Erlinger TP, Platz EA, Rifai N, Helzlsouer KJ. C-reactive 
protein and the risk of incident colorectal cancer. JAMA 2004; 
291: 585-590 [PMID: 14762037 DOI: 10.1001/jama.291.5.585]

40	 Hashimoto K, Ikeda Y, Korenaga D, Tanoue K, Hamatake M, 
Kawasaki K, Yamaoka T, Iwatani Y, Akazawa K, Takenaka 
K. The impact of preoperative serum C-reactive protein on 
the prognosis of patients with hepatocellular carcinoma. 
Cancer 2005; 103: 1856-1864 [PMID: 15779015 DOI: 10.1002/
cncr.20976]

41	 Castell JV, Gómez-Lechón MJ, David M, Fabra R, Trul-
lenque R, Heinrich PC. Acute-phase response of human 
hepatocytes: regulation of acute-phase protein synthesis by 
interleukin-6. Hepatology 1990; 12: 1179-1186 [PMID: 1699862]

42	 Kawai Y, Matsuyama H, Korenaga Y, Misumi T, Eguchi S, 
Hara T, Nagao K, Ohmi C, Sakano S, Naito K. Preoperative 
erythrocyte sedimentation rate is an independent prognostic 
factor in Japanese patients with localized clear cell renal cell 

Cescon M et al . LT for HCC



9181 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

carcinoma. Urol Int 2009; 83: 306-310 [PMID: 19829031 DOI: 
10.1159/000241673]

43	 Lehmann J, Retz M, Nürnberg N, Schnöckel U, Raffenberg U, 
Krams M, Kellner U, Siemer S, Weichert-Jacobsen K, Stöckle 
M. The superior prognostic value of humoral factors com-
pared with molecular proliferation markers in renal cell car-
cinoma. Cancer 2004; 101: 1552-1562 [PMID: 15378494 DOI: 
10.1002/cncr.20549]

44	 Forslund A, Engarås B, Lönnroth C, Lundholm K. Prediction 
of postoperative survival by preoperative serum concentra-
tions of anti-p53 compared to CEA, CA 50, CA 242 and con-
ventional blood tests in patients with colorectal carcinoma. 
Int J Oncol 2002; 20: 1013-1018 [PMID: 11956598]

45	 Bien E, Balcerska A. Serum soluble interleukin-2 receptor, 
beta2-microglobulin, lactate dehydrogenase and erythrocyte 
sedimentation rate in children with Hodgkin’s lymphoma. 
Scand J Immunol 2009; 70: 490-500 [PMID: 19874554 DOI: 
10.1111/j.13653083.2009.02313.x]

46	 Yu H, Jove R. The STATs of cancer--new molecular targets 
come of age. Nat Rev Cancer 2004; 4: 97-105 [PMID: 14964307 
DOI: 10.1038/nrc1275]

47	 Sharaiha RZ, Halazun KJ, Mirza F, Port JL, Lee PC, Neugut 
AI, Altorki NK, Abrams JA. Elevated preoperative neutro-
phil: lymphocyte ratio as a predictor of postoperative disease 
recurrence in esophageal cancer. Ann Surg Oncol 2011; 18: 
3362-3369 [PMID: 21547702 DOI: 10.1245/s10434-011-1754-8]

48	 Walsh SR, Cook EJ, Goulder F, Justin TA, Keeling NJ. Neu-
trophil-lymphocyte ratio as a prognostic factor in colorectal 
cancer. J Surg Oncol 2005; 91: 181-184 [PMID: 16118772 DOI: 
10.1002/jso.20329]

49	 Malik HZ, Prasad KR, Halazun KJ, Aldoori A, Al-Mukhtar 
A, Gomez D, Lodge JP, Toogood GJ. Preoperative prog-
nostic score for predicting survival after hepatic resection 
for colorectal liver metastases. Ann Surg 2007; 246: 806-814 
[PMID: 17968173 DOI: 10.1097/SLA.0b013e318142d964]

50	 Halazun KJ, Aldoori A, Malik HZ, Al-Mukhtar A, Prasad 
KR, Toogood GJ, Lodge JP. Elevated preoperative neutrophil 
to lymphocyte ratio predicts survival following hepatic re-
section for colorectal liver metastases. Eur J Surg Oncol 2008; 
34: 55-60 [PMID: 17448623 DOI: 10.1016/j.ejso.2007.02.014]

51	 Gomez D, Farid S, Malik HZ, Young AL, Toogood GJ, Lodge 
JP, Prasad KR. Preoperative neutrophil-to-lymphocyte ratio 
as a prognostic predictor after curative resection for hepato-
cellular carcinoma. World J Surg 2008; 32: 1757-1762 [PMID: 
18340479 DOI: 10.1007/s00268-008-9552-6]

52	 Gomez D, Morris-Stiff G, Toogood GJ, Lodge JP, Prasad 
KR. Impact of systemic inflammation on outcome following 
resection for intrahepatic cholangiocarcinoma. J Surg Oncol 
2008; 97: 513-518 [PMID: 18335453 DOI: 10.1002/jso.21001]

53	 Bhatti I, Peacock O, Lloyd G, Larvin M, Hall RI. Preopera-
tive hematologic markers as independent predictors of 
prognosis in resected pancreatic ductal adenocarcinoma: 
neutrophil-lymphocyte versus platelet-lymphocyte ratio. 
Am J Surg 2010; 200: 197-203 [PMID: 20122680 DOI: 10.1016/
j.amjsurg.2009.08.041]

54	 Ormandy LA, Hillemann T, Wedemeyer H, Manns MP, 
Greten TF, Korangy F. Increased populations of regulatory 
T cells in peripheral blood of patients with hepatocellular 
carcinoma. Cancer Res 2005; 65: 2457-2464 [PMID: 15781662 
DOI: 10.1158/0008-5472.CAN-04-3232]

55	 Fu J, Xu D, Liu Z, Shi M, Zhao P, Fu B, Zhang Z, Yang H, 
Zhang H, Zhou C, Yao J, Jin L, Wang H, Yang Y, Fu YX, 
Wang FS. Increased regulatory T cells correlate with CD8 
T-cell impairment and poor survival in hepatocellular carci-
noma patients. Gastroenterology 2007; 132: 2328-2339 [PMID: 
17570208 DOI: 10.1053/j.gastro.2007.03.102]

56	 Kowalski R, Post D, Schneider MC, Britz J, Thomas J, Deier-
hoi M, Lobashevsky A, Redfield R, Schweitzer E, Heredia A, 
Reardon E, Davis C, Bentlejewski C, Fung J, Shapiro R, Zeevi 
A. Immune cell function testing: an adjunct to therapeutic 

drug monitoring in transplant patient management. Clin 
Transplant 2003; 17: 77-88 [PMID: 12709071 DOI: 10.1034/
j.1399-0012.2003.00013.x]

57	 Acosta-Rodriguez EV, Rivino L, Geginat J, Jarrossay D, Gat-
torno M, Lanzavecchia A, Sallusto F, Napolitani G. Surface 
phenotype and antigenic specificity of human interleukin 
17-producing T helper memory cells. Nat Immunol 2007; 8: 
639-646 [PMID: 17486092 DOI: 10.1038/ni1467]

58	 Kuang DM, Peng C, Zhao Q, Wu Y, Zhu LY, Wang J, Yin 
XY, Li L, Zheng L. Tumor-activated monocytes promote 
expansion of IL-17-producing CD8+ T cells in hepatocellular 
carcinoma patients. J Immunol 2010; 185: 1544-1549 [PMID: 
20581151 DOI: 10.4049/jimmunol.0904094]

59	 Kuang DM, Zhao Q, Wu Y, Peng C, Wang J, Xu Z, Yin XY, 
Zheng L. Peritumoral neutrophils link inflammatory re-
sponse to disease progression by fostering angiogenesis in 
hepatocellular carcinoma. J Hepatol 2011; 54: 948-955 [PMID: 
21145847 DOI: 10.1016/j.jhep.2010.08.041]

60	 Kono H, Fujii H, Ogiku M, Hosomura N, Amemiya H, 
Tsuchiya M, Hara M. Role of IL-17A in neutrophil recruit-
ment and hepatic injury after warm ischemia-reperfusion 
mice. J Immunol 2011; 187: 4818-4825 [PMID: 21949019 DOI: 
10.4049/jimmunol.1100490]

61	 Pollard JW. Tumour-educated macrophages promote tu-
mour progression and metastasis. Nat Rev Cancer 2004; 4: 
71-78 [PMID: 14708027 DOI: 10.1038/nrc1256]

62	 Mano Y, Shirabe K, Yamashita Y, Harimoto N, Tsujita E, 
Takeishi K, Aishima S, Ikegami T, Yoshizumi T, Yamanaka T, 
Maehara Y. Preoperative neutrophil-to-lymphocyte ratio is a 
predictor of survival after hepatectomy for hepatocellular car-
cinoma: a retrospective analysis. Ann Surg 2013; 258: 301-305 
[PMID: 23774313 DOI: 10.1097/SLA.0b013e318297ad6b]

63	 Lai Q, Castro Santa E, Rico Juri JM, Pinheiro RS, Lerut J. 
Neutrophil and platelet-to-lymphocyte ratio as new predic-
tors of dropout and recurrence after liver transplantation for 
hepatocellular cancer. Transpl Int 2013 Sep 6; Epub ahead of 
print [PMID: 24118272 DOI: 10.1111/tri.12191]

64	 Chen TM, Lin CC, Huang PT, Wen CF. Neutrophil-to-lym
phocyte ratio associated with mortality in early hepatocel-
lular carcinoma patients after radiofrequency ablation. J 
Gastroenterol Hepatol 2012; 27: 553-561 [PMID: 21913982 DOI: 
10.1111/j.1440-1746.2011.06910.x]

65	 Dan J, Zhang Y, Peng Z, Huang J, Gao H, Xu L, Chen M. 
Postoperative neutrophil-to-lymphocyte ratio change pre-
dicts survival of patients with small hepatocellular carci-
noma undergoing radiofrequency ablation. PLoS One 2013; 8: 
e58184 [PMID: 23516447 DOI: 10.1371/journal.pone.0058184]

66	 Sahin F, Kannangai R, Adegbola O, Wang J, Su G, Torben-
son M. mTOR and P70 S6 kinase expression in primary 
liver neoplasms. Clin Cancer Res 2004; 10: 8421-8425 [PMID: 
15623621 DOI: 10.1158/1078-0432.CCR-04-0941]

67	 Boyault S, Rickman DS, de Reyniès A, Balabaud C, Rebou-
issou S, Jeannot E, Hérault A, Saric J, Belghiti J, Franco D, 
Bioulac-Sage P, Laurent-Puig P, Zucman-Rossi J. Transcrip-
tome classification of HCC is related to gene alterations and 
to new therapeutic targets. Hepatology 2007; 45: 42-52 [PMID: 
17187432 DOI: 10.1002/hep.21467]

68	 Schnitzbauer AA, Zuelke C, Graeb C, Rochon J, Bilbao I, 
Burra P, de Jong KP, Duvoux C, Kneteman NM, Adam R, 
Bechstein WO, Becker T, Beckebaum S, Chazouillères O, Cil-
lo U, Colledan M, Fändrich F, Gugenheim J, Hauss JP, Heise 
M, Hidalgo E, Jamieson N, Königsrainer A, Lamby PE, Lerut 
JP, Mäkisalo H, Margreiter R, Mazzaferro V, Mutzbauer I, 
Otto G, Pageaux GP, Pinna AD, Pirenne J, Rizell M, Rossi 
G, Rostaing L, Roy A, Turrion VS, Schmidt J, Troisi RI, van 
Hoek B, Valente U, Wolf P, Wolters H, Mirza DF, Scholz T, 
Steininger R, Soderdahl G, Strasser SI, Jauch KW, Neuhaus 
P, Schlitt HJ, Geissler EK. A prospective randomised, open-
labeled, trial comparing sirolimus-containing versus mTOR-
inhibitor-free immunosuppression in patients undergoing 

P- Reviewers  Bener A    S- Editor  Wen LL    L- Editor  Cant MR    E- Editor  Li JY  

P- Reviewers  Bener A    S- Editor  Song XX    L- Editor  Stewart GJ    E- Editor  Li JY

Cescon M et al . LT for HCC



9182 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

liver transplantation for hepatocellular carcinoma. BMC 
Cancer 2010; 10: 190 [PMID: 20459775 DOI: 10.1186/1471-240
7-10-190]

69	 Menon KV, Hakeem AR, Heaton ND. Meta-analysis: recur-

rence and survival following the use of sirolimus in liver 
transplantation for hepatocellular carcinoma. Aliment Phar-
macol Ther 2013; 37: 411-419 [PMID: 23278125 DOI: 10.1111/
apt.12185]

P- Reviewers: Aydin U, Barauskas G, Lai Q    S- Editor: Gou SX    
L- Editor: A    E- Editor: Wu HL

Cescon M et al . LT for HCC



9183 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v19.i48.9183

World J Gastroenterol  2013 December 28; 19(48): 9183-9188
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

Transplant benefit for patients with hepatocellular 
carcinoma

Alessandro Vitale, Michael Volk, Umberto Cillo

Alessandro Vitale, Umberto Cillo, Unità di Chirurgia Epato-
biliare e Trapianto Epatico, Azienda Ospedaliera-Università di 
Padova, 35128 Padova, Italy
Michael Volk, Division of Gastroenterology and Hepatology, 
University of Michigan, Ann Arbor, MI 48109, United States
Author contributions: Vitale A, Volk M and Cillo U wrote, ed-
ited and revised the manuscript.
Correspondence to: Alessandro Vitale, MD, PhD, Unità di 
Chirurgia Epatobiliare e Trapianto Epatico, Azienda Ospedaliera-
Università di Padova, Via Giustiniani 2, 35128 Padova, 
Italy. alessandro.vitale@unipd.it
Telephone: +39-49-8212211  Fax: +39-49-8211816
Received: October 1, 2013      Revised: November 13, 2013
Accepted: November 28, 2013
Published online: December 28, 2013

Abstract
Although liver transplantation is theoretically the best 
treatment for hepatocellular carcinoma (HCC), it is 
limited by the realities of perioperative complications, 
and the shortage of donor organs. Furthermore, in 
many cases there are available alternative treatments 
such as resection or locoregional therapy. Deciding 
upon the best option for a patient with HCC is compli-
cated, involving numerous ethical principles including: 
urgency, utility, intention-to-treat survival, transplant 
benefit, harm to candidates on waiting list, and harm 
to living donors. The potential contrast between differ-
ent principles is particularly relevant for patients with 
HCC for several reasons: (1) HCC candidates to liver 
transplantation are increasing; (2) the great prognostic 
heterogeneity within the HCC population; (3) in HCC 
patients tumor progression before liver transplantation 
may significantly impair post transplant outcome; and 
(4) effective alternative therapies are often available for 

HCC candidates to liver transplantation. In this paper 
we suggest that allocating organs by transplant benefit 
could help balance these competing principles, and also 
introduce equity between patients with HCC and non-
malignant liver disease. We also propose a triangular 
equipoise model to help decide between deceased do-
nor liver transplantation, living donor liver transplanta-
tion, or alternative therapies.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Deciding upon the best option for a patient 
with hepatocellular carcinoma is complicated, involving 
numerous ethical principles including: urgency, utility, 
intention-to-treat survival, transplant benefit, harm to 
candidates on waiting list, and harm to living donors. In 
this paper we suggest that allocating organs by trans-
plant benefit could help balance these competing prin-
ciples, and also introduce equity between patients with 
hepatocellular carcinoma and those with nonmalignant 
liver disease. We also propose a triangular equipoise 
model to help decide between deceased donor liver 
transplantation, living donor liver transplantation, or 
alternative therapies.
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GENERAL PRINCIPLES REGULATING 
PATIENT SELECTION AND 
ORGAN ALLOCATION IN LIVER 
TRANSPLANTATION
Urgency, utility, and equity
Liver transplantation (LT) is theoretically the best treat-
ment for patients with end-stage liver disease but its 
effectiveness is limited by intrinsic characteristics with 
important ethical implications: (1) LT remains a technical 
demanding procedure with a well-established short-term 
mortality and morbidity[1]; (2) a persistent shortage of  
deceased donors corresponds to an increasing demand 
of  deceased donor liver transplantation (DDLT)[2]; and 
(3) the application of  living donor liver transplantation 
(LDLT) is limited by ethical and legal issues related to 
the risk of  harming the living donor[3]. Specific selection 
policies have consequently been developed over the last 
two decades to identify good candidates for this complex 
therapeutic option[4,5]. 

For patients with non-malignant (NM) liver cirrhosis, 
scores have been developed to measure disease sever-
ity, such as the Child Pugh and the model for end-stage 
liver disease (MELD) scores[4], which support a selection 
policy based on the urgency principle. Under a medical 
urgency-based selection system, patients with worse out-
comes while on the waiting list (WL) are given higher pri-
ority for transplantation[6]. Use of  the MELD score, for 
example, has significantly reduced waiting list times and 
in the United States system in recent years[4,7]. If  we con-
sider the development of  hepatocellular carcinoma (HCC) 
as a complication of  liver cirrhosis, and therefore as a 
sign of  disease severity, assigning a high priority to HCC 
patients would also comply with this principle of  ur-
gency. This viewpoint is reflected in the United Network 
for Organ Sharing (UNOS) allocation system, where an 
arbitrary high MELD score is assigned to patients with 
T2-HCC[7]. 

The limit of  this approach is that it fails to consider 
the extremely relevant prognostic heterogeneity of  pa-
tients with HCC and the potential effectiveness of  alter-
native therapies[8]. It is also only reasonable to consider 
HCC as a complication of  liver cirrhosis if  this condition 
is maintained within certain proportions of  candidates on 
the WL (e.g., < 20%), as in the US[9]. In some geographi-
cal LT settings, however, there has been a significant 
increase in the proportion of  LT candidates on the WL 
with liver tumors in recent years and this has given rise 
to similar proportions of  liver transplants for HCC and 
NM disease[10]. In these modern LT realities, it is probably 
more reasonable to consider HCC patients as a separate 
LT population and analyze the prognostic heterogeneity 
of  this particular medical condition more deeply[11].

If  we observe the issues of  patient selection and or-
gan allocation from the HCC population point of  view, 
therefore, current LT selection policies for HCC patients 
(e.g., the UNOS allocation system) appear to be based 

mainly on a utility principle for two main reasons. First, 
a utility-based system is one that gives priority accord-
ing to expected post-transplant outcomes[6]. For patients 
with HCC, the poor results achieved in early experiences 
with patients transplanted for advanced tumors have fa-
vored the introduction of  strict selection criteria focusing 
mainly on post-LT outcome[5]. Therefore, patients be-
yond Milan criteria have limited probability of  receiving a 
transplant.

Second, in the current system all T2 HCC patients 
receive the same priority regardless of  their likelihood of  
death on the waiting list. 

If  we consider LT candidates with and without cancer 
as two separate populations, therefore, apparently oppo-
site allocation principles are currently used at the majority 
of  LT centers around the world. This diversity in patient 
selection policy intrinsically creates an ethical paradox, in 
that donated organs are allocated to the “sickest patient 
first” among the candidates with NM hepatic disease, but 
to the “earliest patient first” among candidates for LT 
who have HCC, irrespective of  their survival prospects 
with therapies other than transplantation.

Aristotle defined justice as “treating equal cases equal-
ly, and unequal cases unequally”. One of  the fundamental 
challenges of  organ allocation science is maintaining 
equity among the heterogeneous groups of  patients on 
the waiting list. In the specific organ allocation context, 
equity means treating all patients according to a common 
endpoint. From this perspective, the principle of  equity is 
hierarchically more important than all others, whether we 
decide to favour urgency, or utility or benefit as endpoints 
for our allocation system.

Based on these considerations (i.e., the increasing 
proportion of  HCC patients enlisted, and an excess of  
priority for HCC patients with a low urgency for LT), re-
cent proposals have tried to resolve the unbalance in the 
access to transplantation between HCC and non-HCC 
patients. One attempt involved developing risk models 
within the HCC population for 3-mo drop-out risk as 
common urgency endpoint[12,13]. However, this approach 
(i.e., to equate the drop-out risk of  different patients) car-
ries the risk of  prioritizing HCC patients with higher bio-
logical aggressiveness in terms of  nodule size and AFP 
levels, and consequently dramatically increasing the risk 
of  post-LT tumour recurrence or death[14]. Thus, metho-
ds are needed which balance the principles of  urgency 
and utility when attempting to reach equity between HCC 
and non-HCC patients.

Intention-to-treat survival
To describe the effect of  long waiting times on the effec-
tiveness of  LT as curative therapy for HCC[15], some years 
ago the concept of  intention-to-treat (ITT) survival was 
introduced. Interestingly, analyzing the survival figures 
of  HCC patients from the day of  enlisting and not from 
that of  transplant, the overall results of  LT for HCC be-
came worse than resection[16] due to the high dropout rate 
of  HCC patients from the WL for tumor progression.
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However, ITT survival is strongly related to the spe-
cific local/regional WL characteristics and in particular to 
the patient median waiting time: assuming as a constant 
the post-LT outcome, the lower the pre- LT mortality, the 
higher the intention-to-treat survival. For this reason, in a 
clinical scenario where HCC patients receive high priority 
for LT (i.e., low waiting time and low risk of  dropout) the 
intention-to-treat survival of  LT for HCC patients may 
exceed that of  liver resection[17].

For these reasons, survival analysis in LT should use 
the ITT principle because it accounts for all the complex 
LT processes from the day that LT is first considered. 

Transplant benefit
The concept of  transplant benefit expresses the survival 
gain offered by LT by comparison with the best alterna-
tive therapy. Transplant benefit can be calculated from 
the time of  transplant, or from the time a patient is first 
evaluated for transplant-the latter would make it an ITT 
endpoint. On an individual basis, the main advantage of  
this principle is that it covers the overall LT process, si-
multaneously considering post- and pre-LT outcome. The 
transplant benefit principle applied to the individual LT 
candidate thus has the potential to create an ideal balance 
between the concepts of  urgency and utility. As suggest-
ed by Schaubel et al[6], moreover, by prioritizing patients 
based on life-years gained thanks to transplantation, the 
transplant benefit principle performs better than urgency 
and utility schemes from a population perspective too. 
This is because an urgency-based system would assign 
donor organs to patients who are most likely to die while 
on the WL, but this approach may be to the detriment of  
utility because patients at the greatest risk of  death while 
on the WL may also be patients with the highest post-LT 
mortality risk. A utility-based allocation system would en-
sure that transplanted organs go to patients with the low-
est post-LT mortality risk, but patients with the best post-
LT outcomes may also have the best outcomes while on 
the WL. The transplant benefit principle is consequently 
the one best able to maximize the total life-years gained 
by the patient population. 

In recent years, the transplant benefit principle has 
been proposed for LT candidates based on studies using 
data from the Scientific Registry of  Transplant Recipients 
(SRTR)[2,6,18], but these studies did not consider the trans-
plant benefit for the HCC population of  LT candidates, 
because they either focused only on NM candidates[2,11] 
or they considered HCC as a complication[6] and not as a 
separate, prognostically heterogeneous medical condition.

The concept of  transplant benefit has the intrinsic 
potential for being especially useful for HCC patients 
since a particular feature of  the approach lies in that it is 
calculated by subtracting the area under the survival curve 
after alternative therapies from the area under the surviv-
al curve after transplantation[9], a definition that coincides 
with the gain in life expectancy (LE). This gives a relevant 
weight not only to the crude post-LT outcome, but also 
to the alternative therapies available and to the patient’s 

age, which are extremely important prognostic variables 
for HCC patients[19]. Figure 1 shows two different clini-
cal scenarios. The first (Figure 1A) concerns the case of  
a young patient (40 years old) with a tumor beyond the 
Milan criteria (calculated 5-year post-transplant survival 
= 60%). The lack of  any effective alternative therapies 
makes the benefit of  LT extremely high (8 years). The 
second scenario (Figure 1B) considers an older patient 
(65-year-old) within the accepted indications for LT 
(5-year post-transplant survival = 70%), but with an ef-
fective alternative treatment option, i.e., liver resection, 
which makes the benefit of  LT much lower (4 years) than 
in the first case, although the post-LT outcome would be 
better.

The recent publication of  important studies on the 
survival prospects of  patients with more advanced tu-
mors after LT[20] and other therapies[21,22] makes it poten-
tially feasible now to evaluate transplant benefit across 
different stages of  HCC disease. This could be extremely 
important because, from a utility perspective, adopting 
extended criteria for HCC patients would mean allocat-
ing more donated organs to HCC patients than to NM 
patients[16]; taking a transplant benefit perspective, on the 
other hand, would mean reallocating the same number 
of  organs to different groups of  patients with a greater 
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Figure 1  Clinical examples of the transplant benefit principle applied to 
hepatocellular carcinoma patients. A: Man 40-year-old, HBV with 2 HCC 
nodules, the largest of 6 cm, Child B (Milan out, University of California San 
Francisco out); B: Man 65-year-old, HCV, with 1 HCC (diameter = 4 cm), Child A. 
HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus. 
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Harm to the living donor
The crucial element limiting the general applicability of  
LDLT is the risk of  harming a healthy living donor. In 
the literature, the overall mortality attributed to living do-
nor procedures is lower than 1%, but the risk of  morbid-
ity is significant, being around 38% in some experiences 
as a whole, and < 10% when severe complications are 
considered alone[28].

A recent worldwide survey[29] has brought more evi-
dence about this field. Overall donor morbidity rate was 
24%, but only 0.2% of  them died, and 0.04% required 
transplantation. If  harm to donors is only considered in 
terms of  mortality, its impact on the therapeutic decision 
(between LDLT, DDLT, or no LT) would be minimal 
compared to the recipient’s risk of  death on the WL[30]. 
Quantifying morbidity could be done by determining the 
impact of  complications on quality of  life, but limited 
data is currently available to derive such estimates. 

Furthermore, it is controversial whether donor mor-
bidity and mortality should be weighted equally to that of  
the recipient[31]. Currently the transplant community takes 
a protective approach (paternalist principle) to the living 
donor, and tends to assign greater ethical weight to the 
donor’s risk of  death than to the recipient’s risk of  death. 
This approach, however, comes at the expense of  donor 
autonomy. Further thought is needed on this subject, in-
cluding input from donors themselves. 

One interesting proposal is to define a cut-off  for ac-
ceptable morbidity and mortality from the perspective of  
the donor[32,33]. 

REPRESENTATION OF THE POTENTIAL 
EQUIPOISE BETWEEN BENEFITS AND 
HARMS OF TRANSPLANTATION FOR 
HCC PATIENTS
An ideal selection/allocation process for patients with 
HCC should consider all aspects of  the benefits and 
harms of  LT, and the aim of  allocation systems should 
be to reach a balance between the different principles in-
volved in the selection process.

We have represented this equipoise using a triangle 
containing vectors (Figure 2): the transplant benefit (life 
expectancy with LT minus life expectancy without LT) 
is at the top vertex and the potential harm to the rest of  
the WL and to the living donor at the bottom vertices. 
According to this model, transplantation is generally 
indicated when the transplant benefit exceeds the harm. 
Then, according to the relative weights of  the harm to 
the WL and donor, the decision will be oriented towards 
LDLT or DDLT. 

The first advantage of  this conceptual model is that it 
includes all ethical principles involved in the LT decision 
process. The use of  transplant benefit satisfies both util-
ity and urgency principles, while the relationship between 
benefit and harm to the waiting list satisfies equity-the 
first principle aims to maximize the need of  the single 

benefit. In other words, the transplant benefit principle 
would be able to maximize the total life-years of  both the 
HCC and NM population. 

These concepts have been recently incorporated in 
three papers[23-25] evaluating the transplant benefit prin-
ciple in the HCC population. These studies underline 
three main points: (1) Liver transplantation results in the 
highest survival benefit for HCC patients with advanced 
liver cirrhosis (BCLC stage D); (2) Patients with inter-
mediate tumours (BCLC stages B-C) without effective 
alternative therapies receive a relevant benefit from LT, 
regardless of  the nodule number-size criteria (i.e., Milan 
criteria), provided that macroscopic vascular invasion 
and extra-hepatic disease are absent; and (3) Patients with 
early tumors and compensated cirrhosis have the lowest 
benefit from LT when effective alternative therapies are 
available[23-25].

Harm-benefit to other patients on the waiting list
When patients on a given WL receive an organ, they 
harm the rest of  the candidates on the WL because it is 
as if  they were taking that organ away from other poten-
tial candidates. The entity of  this harm depends on the 
extra time the other patients on the WL have to wait for 
another organ. We can also see this concept from the op-
posite point of  view: if  we find an alternative treatment 
for a patient on a WL for LT (e.g., if  we perform a LDLT 
or a liver resection), we create a benefit for the people on 
said WL that can be calculated from the further waiting 
time they spare. Knowing the characteristics of  a WL in 
detail (death probabilities according to disease severity, 
median waiting time for LT, mean number of  organs per 
year, patient stratification according to MELD score and 
HCC stage), we can calculate this harm/benefit to candi-
dates on the WL[9,26,27]. This is very important because it is 
the only allocation principle that takes the characteristics 
of  a specific WL into account (WL size, donor resources 
and proportions of  patients with severe disease). 

Transplant
benefit

DD
LT

LDLT

Non transplantHarm to living 
donor

Harm to 
WL candidates

Transplant benefit > Harm to WL candidates + harm to donor

Figure 2  Ethical equipoise between benefit and harm of deceased-donor 
liver transplantation and living donor liver transplantation. WL: Waiting list; 
DDLT: Deceased donor liver transplantation; LDLT: Living donor liver transplan-
tation.
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patient, while the second maximizes population total life 
years[26].

The second advantage of  this model is that it consid-
ers as different therapeutic procedures DDLT and LDLT. 
Whenever we used urgency, utility or benefit, these prin-
ciples taken alone do not distinguish between LDLT and 
DDLT, so they cannot be used to decide between these 
different strategies. The indication for LDLT is therefore 
inevitably the same as for DDLT[32,33], so choosing be-
tween the two is difficult. This may partially explain why 
LDLT has had a limited development in Western coun-
tries, especially since the introduction of  the MELD[33]. 

Some authors[32] have recently stressed the possibil-
ity to consider different indications between LDLT and 
DDLT based on the consideration that living donor 
recipients don’t compete with other patients on the WL. 
The same authors proposed a sort of  double equipoise 
model specific for LDLT to balance the donor risk and 
the recipient benefit[32]. Our model has the advantage 
to be used for both DDLT and LDLT. LDLT has a po-
tentially relevant advantage over DDLT because it only 
minimally harms the other candidates on the WL: this 
harm is limited to the risk of  the patient needing re-LT 
after LDLT, which is estimated to be approximately 7%[34], 
while the risk of  liver failure requiring transplantation of  
the donor is estimated to be 0.04%[29]. 

This model helps the selection of  HCC patients for 
LT and the choice of  the more appropriate transplant 
procedure (DDLT vs LDLT). However, it can not con-
sider some crucial aspects. First of  all, in some countries 
religiosity or cultural aspects are barriers to DDLT[31]. As 
second point, in some recipients of  a partial liver from a 
living donor insufficient liver volume can not be avoided 
to maintain an adequate donor safety. A small-for-size 
graft easily causes perioperative complications and results 
in poor outcomes[31]. In summary, although LT is theo-
retically the best treatment for HCC, it is limited by the 
realities of  perioperative complications, and the shortage 
of  donor organs. Furthermore, the benefit of  transplan-
tation is not uniform among patients with HCC; rather, 
it depends upon the severity of  liver disease and the 
available alternative treatment options. Current systems 
allocate organs to HCC patients primarily based upon 
the utility principle, as opposed to the urgency principle 
which governs allocation to patients with nonmalignant 
liver disease. Allocating organs by transplant benefit 
could introduce equity between these patient groups. We 
propose a triangular equipoise model to help decide be-
tween DDLT, LDLT, or alternative therapies.
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Abstract
The progress in treatment against hepatitis B virus 
(HBV) with the development of effective and well tol-
erated nucleotide analogues (NAs) has improved the 
outcome of patients with HBV decompensated cirrho-
sis and has prevented post-transplant HBV recurrence. 
This review summarizes updated issues related to the 
management of patients with HBV infection before 
and after liver transplantation (LT). A literature search 
using the PubMed/Medline databases and consensus 
documents was performed. Pre-transplant therapy 
has been initially based on lamivudine, but entecavir 
and tenofovir represent the currently recommended 
first-line NAs for the treatment of patients with HBV 
decompensated cirrhosis. After LT, the combination of 
HBV immunoglobulin (HBIG) and NA is considered as 
the standard of care for prophylaxis against HBV re-
currence. The combination of HBIG and lamivudine is 
related to higher rates of HBV recurrence, compared 

to the HBIG and entecavir or tenofovir combination. 
In HBIG-free prophylactic regimens, entecavir and 
tenofovir should be the first-line options. The choice 
of treatment for HBV recurrence depends on prior 
prophylactic therapy, but entecavir and tenofovir 
seem to be the most attractive options. Finally, liver 
grafts from hepatitis B core antibody (anti-HBc) posi-
tive donors can be safely used in hepatitis B surface 
antigen negative, preferentially anti-HBc/anti-hepatitis 
B surface antibody positive recipients.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Hepatitis B virus; Liver transplantation; 
Hepatitis B virus immunoglobulin; Antivirals; Lamivu-
dine; Adefovir; Entecavir; Tenofovir; Telbivudine; Re-
sistance

Core tip: In the present review the current knowledge 
on the management of hepatitis B virus (HBV) infec-
tion before and after liver transplantation is updated. 
There is no doubt that all HBV patients with decom-
pensated cirrhosis should be treated with potent anti-
HBV agents with high genetic barrier (i.e. , entecavir or 
tenofovir). After liver transplantation, the combination 
of HBV immunoglobulin (HBIG) (at least for a certain 
period) and entecavir or tenofovir currently appears 
to be the most reasonable approach, while HBIG-free 
antiviral prophylaxis cannot be excluded in the future, 
particularly in patients with low risk of recurrence.
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INTRODUCTION
The development of  effective, well tolerated and relatively 
safe oral antiviral agents [nucleos(t)ide analogues (NAs)] 
has offered the opportunity for successful management 
of  hepatitis B virus (HBV) related chronic liver disease. 
However, chronic hepatitis B (CHB) is still associated 
with increased morbidity and mortality. Currently, it is 
estimated that more than half  a million people die every 
year due to complications of  liver decompensation and 
hepatocellular carcinoma (HCC)[1,2]. Liver transplantation 
(LT) remains the only hope for many patients with com-
plications of  end-stage CHB, mostly HCC[2,3]. 

The introduction of  passive immunoprophylaxis using 
long-term hepatitis B immune globulin (HBIG) in early 
1990s significantly decreased the rates of  post-LT HBV 
recurrence[4]. During the last 15 years, the use of  NAs 
has decreased the need for LT due to HBV decompen-
sated cirrhosis and has further improved the outcome of  
HBV transplant patients[5]. NAs have been used either in 
combination with HBIG or as monotherapy in an effort 
to further improve the rates of  HBV recurrence after LT 
and/or reduce the need for expensive HBIG prepara-
tions[5]. The management of  hepatitis B surface antigen 
(HBsAg) positive transplant patients can be divided into 
the pre-transplant, prophylactic post-transplant and thera-
peutic post-transplant approach[6]. HBV prophylaxis is 
also required for recipients who receive grafts from anti-
hepatitis B core (HBc) positive donors, as they are at risk 
for de novo HBV infection.

PRE-TRANSPLANT APPROACH 
Anti-HBV therapy in HBV decompensated cirrhosis
The aim of  antiviral therapy is to reverse or delay compli-
cations of  cirrhosis and the need for LT, and to decrease 
the risk of  HBV re-infection in those who eventually un-
dergo LT. Currently, there are five oral NAs that have been 
licensed for the treatment of  CHB: three nucleoside (lami-
vudine, telbivudine, entecavir) and two nucleotide (adefovir 
dipivoxil and tenofovir disoproxil fumarate) analogues[7-9]. 
NAs target the reverse transcriptase of  HBV and achieve 
inhibition of  HBV replication via their incorporation in 
viral HBV DNA causing DNA chain termination[7-9]. An-
tiviral therapy should be started immediately in patients 
with HBV decompensated cirrhosis and any level of  de-
tectable serum HBV DNA regardless of  ALT activity. 

Lamivudine was the first NA approved for treatment 
of  CHB and probably remains the most widely used NA 
worldwide due to its low cost. Its efficacy, at a daily dose 
of  100 mg, has been confirmed in randomized controlled 
trials and cohort studies showing stabilization or even 
improvement of  liver function and reduction in the in-
cidence of  HCC[10] and the need for LT[11-13]. However, 
long-term lamivudine monotherapy is associated with 
progressively increasing rates of  viral resistance due to 
YMDD mutations (15%-25% at year 1, 65%-80% at year 
5), which can lead to clinical deterioration with develop-
ment of  liver failure and even death[13-15]. Importantly, 

patients with detectable HBV DNA at LT have increased 
rates of  post-transplant recurrence of  HBV[16,17] and even 
of  pre-existing HCC[18]. Thus, lamivudine monotherapy 
is not currently recommended for patients with HBV de-
compensated cirrhosis[7-9]. 

Adefovir was the second NA approved for the treat-
ment of  CHB. It is effective against both wild type and 
lamivudine resistant HBV strains[3]. Adefovir at the daily 
licensed dose of  10 mg improves liver function in pa-
tients with HBV decompensated cirrhosis[19]. However, 
its weak potency[20], the moderate risk of  resistance dur-
ing long-term therapy in naive patients (29% at year 
5)[21-23] and its higher cost have resulted in its replacement 
by the newer, more effective and cheaper nucleotide 
analogue, tenofovir, in all countries with tenofovir avail-
ability[9,21]. Finally, adefovir has been associated with renal 
adverse events including decline of  glomerular filtration 
rate (GFR) and proximal tubular dysfunction resulting 
occasionally in Fanconi syndrome[24,25]. The potential 
nephrotoxicity, which seems to be dose dependent[26], is 
of  particular concern in difficult-to-manage patients with 
decompensated cirrhosis. 

Telbivudine is a potent nucleoside analogue[27] which 
achieves satisfactory virological remission rates in CHB 
patients with undetectable HBV DNA at 24 wk of  thera-
py[28]. However, it also selects for mutations in the YMDD 
motif, but at a lower rate compared to lamivudine [25% 
vs 40% after 2 years of  treatment in hepatitis B e antigen 
(HBeAg) positive CHB patients][3,8,9]. In a recent rand-
omized trial[29] including 232 naïve patients with HBV de-
compensated cirrhosis, telbivudine was well tolerated. In 
addition, telbivudine, compared to lamivudine, achieved 
greater viral suppression, similar stabilization of  liver 
function and significant improvement in the estimated 
GFR[29]. The place of  telbivudine monotherapy in the 
treatment of  patients with HBV decompensated cirrhosis 
is unclear due to its unfavourable resistance profile, com-
pared to the newer NAs with high genetic barrier [i.e., en-
tecavir (ETV) and tenofovir (TDF)]. However, its use in a 
combined regimen may need further evaluation in patients 
with HBV decompensated cirrhosis due to the potentially 
favourable effect of  telbivudine on renal function[30].

ETV (0.5 mg daily) is a selective anti-HBV agent with 
potent activity against wild type HBV[7,31]. ETV has a high 
genetic barrier to resistance in naïve patients (< 1.5% 
cumulative rate of  viral resistance after 6 years of  treat-
ment)[32,33] including those with advanced fibrosis or his-
tological cirrhosis[34]. Regarding safety, lactic acidosis has 
been occasionally reported in small cohorts patients with 
severe liver dysfunction receiving ETV[35]. However, its 
true incidence is unclear, since studies with larger cohorts 
did not confirm this lethal complication[2,31]. In any case, 
close monitoring is advised for ETV and perhaps any 
NA treated patient with MELD score ≥ 20. The high 
efficacy and the minimal resistance rates combined with 
the lack of  significant nephrotoxicity make ETV a first-
line option for the treatment of  naive patients with HBV 
decompensated cirrhosis[36]. On the other hand, ETV 
monotherapy even at the licensed dosage of  1 mg daily 
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taken ≥ 2 h away from food is not a good option for 
patients with lamivudine resistance, as HBV resistance 
develops in approximately 50% of  lamivudine resistant 
patients after five years of  ETV treatment[37,38]. 

TDF is the most recently approved agent for the 
treatment of  CHB. Although it is structurally similar 
to adefovir, it is more potent with activity against both 
wild type and nucleoside-resistant HBV strains[21,39-41]. It 
is also active in patients with primary non-response to 
adefovir[2]. To date, there has been no confirmed case of  
drug resistance in CHB patients treated with TDF for 6 
years, although most patients remaining viremic after 72 
wk and being therefore at the highest risk for drug resis-
tance received additional treatment with emtricitabine[42]. 
Due to its great potency and high genetic barrier, TDF 
has a beneficial effect on regression of  advanced liver fi-
brosis[43]. Although TDF may be potentially nephrotoxic, 
similar rates of  renal adverse events were observed after 
one year of  therapy with TDF, TDF plus emtricitabine or 
ETV in patients with HBV decompensated cirrhosis[44]. 

In conclusion, ETV and TDF are potent antiviral 
agents with a minimal or even no risk of  resistance and 
therefore they represent the currently recommended first-
line NAs for the treatment of  patients with HBV decom-
pensated cirrhosis[5]. In addition, TDF is the preferred 
option for patients with lamivudine, ETV or telbivudine 
resistance, while the use of  ETV (even at a higher daily 
dose of  1.0 mg) is a less attractive option for the long-
term treatment of  patients with known lamivudine resis-
tant strains[9]. Whether a combination of  antivirals could 
offer additional benefits is unknown. Given the current 
cost of  anti-HBV agents, the combination that might 
have a reasonable cost is that of  TDF plus lamivudine or 
emtricitabine[5]. The combination of  TDF with emtric-
itabine was reported not to be significantly superior to 
TDF or ETV monotherapy[44], but the small numbers of  
patients in each group of  this study cannot allow strong 
conclusions. Thus, whether any NA combination therapy 
would confer benefits in patients with impaired renal 
function who need NA dose reductions or in patients 

with very high baseline viral load has not been completely 
clarified yet. Telbivudine (alone or in a combined regi-
men) with its potentially favorable effect on glomerular 
filtration seems to be an attractive option in patients with 
HBV decompensated cirrhosis and renal dysfunction[30].

Referral for liver transplantation
Patients with HBV decompensated cirrhosis should be 
referred for LT, since the relevant criteria are fulfilled in 
most of  these patients with hepatic dysfunction (Child-
Pugh score ≥ 7 or MELD score ≥ 10) and/or at least 
one major complication (ascites, variceal bleeding, hepatic 
encephalopathy)[45]. While waiting for LT, the patients 
should be monitored carefully at least every 3 mo for vi-
rologic response and possible virologic breakthrough in 
order to achieve serum HBV DNA undetectability using 
a sensitive polymerase chain reaction assay[36,46]. Interest-
ingly, the liver function of  patients with HBV decompen-
sated cirrhosis may substantially improve under effective 
antiviral therapy and LT candidates may be eventually 
withdrawn from the transplant lists[47,48] (Table 1). Howev-
er, the most important parameters affecting the outcome 
of  patients with HBV decompensated cirrhosis under 
antiviral agents have not been completely elucidated. 

Previous studies using lamivudine monotherapy sh
owed that baseline HBV DNA levels are independently 
associated with the outcome[47], but in a recent study 
using a quantitative PCR technique, neither HBV DNA 
at baseline nor its changes from baseline to 3 mo of  
treatment were associated with death or LT[49]. Most of  
the studies including patients with HBV decompensated 
cirrhosis under oral antivirals have shown that the base-
line severity of  liver disease, expressed by the Child-Pugh 
score or the baseline bilirubin and creatinine levels, are 
critical for the outcome[47,49] (Table 1). In a prospective 
multicenter study[47] including 154 lamivudine treated 
patients with HBV decompensated cirrhosis, most of  
the deaths (78%) occurred within the first 6 mo suggest-
ing that lamivudine may not be able to reduce the short-
term mortality or the need for LT in patients with very 
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  Ref. Fontana et al [47] Schiff et al [19] Shim et al [31] Liaw et al [44] Chan et al [29] Hyun et al [49]

  Number of patients 154 226 70 45/45/22 114/114 45/41
  NA(s) used LAM ADV ETV TDF/TDF + FTC/ETV LdT/LAM ETV/LAM
  Baseline data
     LAM resistance (%)     0 100   0 18/22/14 0/0 0/0
     CTP score     9 NR      8.4 7/7/7 8.1/8.5 9.6/9.5
     MELD score NR NR    11.5 11/13/10.5 14.7/15.5 16.7/16.1
  1-yr data
     ↓ CTP score ≥ 2 (%) NR NR 49 26/48/42 32/39 NR/NR
     MELD score ↓ NR    -2    -2.2 -2/-2/-2 -1.0/-2.0 -4.9/-3.7
     1-yr survival (%)   84   86 87 96/96/91 94/88 90.7/92.4
  Prognostic factors of 
  the outcome 

Serum bilirubin 
and creatinine 

levels at baseline

NR NR NR NR Baseline CTP and 
MELD at 3 mo

Table 1  Studies of nucleos/tide analogues in patients with hepatitis B related decompensated cirrhosis

ADV: Adefovir; CTP: Child-Turcotte-Pugh; ETV: Entecavir; TDF: Tenofovir; FTC: Emtricitabine; LAM: Lamivudine; LdT: Telbivudine; MELD: Model for 
end stage liver disease; NR: Not reported; NAs: Nucleostide analogues.
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tary mechanisms of  action of  HBIG and NA[55]. A recent 
meta-analysis of  6 studies showed that HBIG plus lami-
vudine, compared to HBIG alone, was associated with 
12-fold, 12-fold and 5-fold reduction of  HBV recurrence, 
HBV-related death and all-cause post-transplant mortal-
ity, respectively[61]. A second meta-analysis also showed 
that the combination of  HBIG and lamivudine was su-
perior in preventing only serum HBsAg re-appearance, 
compared to lamivudine alone[62]. However, lamivudine 
is not considered an optimal first-line option because of  
the progressively increasing rates of  viral resistance[5,63]. 
This was confirmed in our systematic review[55] including 
2162 HBV liver transplant recipients from 46 studies. In 
this review, we found that the patients under HBIG and 
lamivudine, compared to those under HBIG and adefovir 
(with or without lamivudine) had HBV recurrence more 
frequently (6.1% vs 2%, P = 0.024), although they had de-
tectable HBV DNA less frequently at the time of  LT (39% 
vs 70%, P < 0.001). 

Although several questions about the ideal duration, 
dosage, frequency and mode of  HBIG administration 
remain unanswered[55], we found that patients under 
HBIG and lamivudine who received high (≥ 10000 IU/d) 
dosage of  HBIG, compared to those who received low 
HBIG dosage (< 10000 IU/d) during the 1st wk post-LT, 
had significantly less frequent HBV recurrences (3.3% 
vs 6.5%, P = 0.016). On the other hand, HBIG admin-
istration had no impact on HBV recurrence in patients 
under HBIG and adefovir. Based on these findings[55], we 
concluded that the patients under HBIG and lamivudine 
combination prophylaxis should receive high HBIG dos-
age (10000 IU IV) for the first week after LT, while the 
characteristics of  the HBIG protocol do not seem to 
have any impact on the efficacy of  HBIG and adefovir 
combination prophylaxis against HBV recurrence. 

Adefovir has several drawbacks in the post-transplant 
setting including high cost, relatively low potency in the 
licensed 10 mg daily dose, risk of  viral resistance and risk 
of  nephrotoxicity[5]. The latter is of  particular concern in 
liver transplant recipients because most of  them receive 
nephrotoxic calcineurin inhibitors as part of  an immuno-
suppressive regimen and frequently suffer from diabetes 
mellitus and arterial hypertension. 

Newer and more potent NAs with a higher genetic 
barrier, such as ETV and TDF, are currently used in the 
post-transplant period in many transplant centers, mainly 
in an effort to increase the efficacy of  post-LT prophy-
laxis and/or reduce the need for the expensive HBIG 
preparations at least after the initial post-operative peri-
od[5]. The efficacy of  ETV and TDF was evaluated in our 
recently published systematic review including 519 HBV 
liver transplant recipients from 17 studies[64]. We found 
that patients under HBIG and lamivudine developed 
HBV recurrence significantly more frequently, compared 
to patients under HBIG and ETV or TDF combination 
(6.1% vs 1.0%, P < 0.001) (Figure 1), although they re-
ceived a more intense HBIG protocol after LT[64]. In ad-
dition, ETV and TDF had similar antiviral efficacy when 

advanced liver failure. In contrast, initiation of  antiviral 
therapy at earlier stages is associated with better chances 
of  liver function recovery, since clinical benefit may take 
3-6 mo. Whether these results are still valid with the cur-
rent more potent anti-HBV agents is not clear, but this 
might be still the case as patients with very advanced liver 
failure may not benefit from antiviral therapy regardless 
of  the rapidity of  the inhibition of  viral replication[2]. 
Nevertheless, further well designed large studies with lon-
ger follow-up are needed for final conclusions (Table 1). 

PROPHYLACTIC POST-TRANSPLANT 
APPROACH
Hepatitis B immune globulin 
HBIG is a polyclonal antibody to HBsAg derived from 
pooled human plasma[50]. Its mechanism of  action is 
not completely understood, but it possibly acts by bind-
ing with circulating viral particles preventing hepatocyte 
infection[50]. It also seems to undergo endocytosis by 
hepatocytes decreasing HBsAg secretion[50]. HBIG was 
introduced in the early nineties leading to reduction in 
the rates of  post-transplant HBV recurrence[4]. In the 
landmark study by Samuel et al[4] in 1991, it was shown 
that HBV recurrence could be prevented in 80% of  
transplant patients treated with HBIG. Prior to the avail-
ability of  NAs, the initial anti-HBV prophylaxis included 
administration of  high dosage HBIG monoprophylaxis 
at the anhepatic phase followed by daily doses and then 
monthly at a fixed dose or according to anti-HBs titers 
(usually aiming to maintain anti-HBs titers > 100-500 
IU/L)[51-53]. However, protocols that use high doses of  
HBIG are expensive (estimated cost at least $50000-70000 
for the first year and $25-40000 for each additional year 
post-transplant)[54]. Additional limitations of  HBIG in-
clude the unreliable supply, the parenteral administration, 
the local or systemic side effects and the risk of  infection 
from HBV mutants that escaped from neutralization[50]. 

The use of  HBIG monoprophylaxis was abandoned 
after the introduction of  lamivudine and the more recent 
and potent NAs[55]. Nowadays, the most commonly used 
protocol includes the combination of  a NA with a low 
dose of  HBIG[5,55]. Several efforts have tried to reduce 
the cost using HBIG in lower dosage or preparations for 
intramuscular administration, which have similar phar-
macokinetic properties with intravenous preparations[56], 
or subcutaneous HBIG[57]. Another strategy has been the 
substitution of  HBIG with HBV vaccination. However, 
results on the efficacy of  active vaccination using new 
vaccines and adjuvants are rather conflicting[58-60], and 
therefore, further studies with greater numbers of  pa-
tients and longer follow-up periods are required before 
definite conclusions can be drawn. 

Prophylactic post-transplant combined approach
Currently, the combination of  HBIG and NA is consid-
ered the standard of  care against HBV recurrence after 
LT[5]. This combined regimen relies on the complimen-
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they combined with HBIG (1.5% vs 0%, respectively, P > 
0.05)[64] (Figure 1). 

Given the several limitations of  HBIG and the fact 
that waiting list patients are more likely to undergo LT 
with undetectable HBV DNA, one relatively recent strat-
egy has been the use of  HBIG for a limited post-trans-
plant period followed by long-term NA therapy alone[64]. 
The first results published with lamivudine monoprophy-
laxis after HBIG withdrawal were encouraging[65,66], but 
longer follow-up showed that 20% of  patients eventually 
experienced recurrence of  HBV[65,67]. ETV and TDF, 
however, may allow early and safe discontinuation of  
HBIG. Strong data are not available, but our systematic 
review[64] showed that ETV or TDF monoprophylaxis af-
ter HBIG discontinuation does not seem to be inferior to 
the combination of  a newer NA with HBIG or the com-
bination of  HBIG plus lamivudine (3.9% vs 1.0%, 3.9% 
vs 6.1%, P > 0.05) (Figure 1). Although larger studies with 
longer follow-up are needed for definitive conclusions, 
this approach has been already used in several transplant 
centres, particularly in patients with relatively low risk of  
HBV recurrence[68]. 

Prophylactic post-transplant monotherapy with 
nucleos(t)ides analogues
The high efficacy of  antiviral prophylaxis using a shorter 
course of  HBIG with continuation of  NA without 
HBIG, and the availability of  NAs without cross-
resistance in cases of  prophylaxis failure, led to the con-
sideration of  HBIG-free prophylactic regimens. This 
approach, which is challenging and controversial, started 
with lamivudine, but the unacceptably high rates of  HBV 
recurrence (up to 35%-50% of  cases at 2 years post-
transplant)[69-74] has rendered this approach suboptimal. 
However, recent studies have renewed the interest in 
HBIG-free prophylactic regimens using the more po-
tent regimens with high genetic barrier ETV and TDF. 

Recently, Fung et al[75] evaluated 80 consecutive patients 
transplanted for HBV-related liver disease. Fifty nine 
(74%) of  the patients had detectable HBV DNA at the 
time of  LT, and all patients received ETV monoprophy-
laxis without HBIG at any time point after LT. After a 
median follow-up of  26 mo, 18 (22.5%) patients were 
HBsAg positive, but only one of  them had detectable 
HBV DNA[75]. In their subsequent study[76] including 362 
transplant recipients under HBIG-free prophylaxis, none 
of  the patients who receive ETV had HBV recurrence, 
compared to 17% of  those who received lamivudine, 
highlighting the importance of  using potent regimens 
with a high genetic barrier (ETV or TDF) in HBIG-free 
prophylaxis protocols. 

In our recent systematic review[64], HBV recurrence 
was observed significantly more frequently in patients 
who received ETV or TDF HBIG-free prophylaxis, com-
pared to patients under combination of  HBIG and lami-
vudine prophylaxis, if  the definition of  HBV recurrence 
was based on HBsAg positivity (26% vs 5.9%, P < 0.0001). 
However, if  the definition of  HBV recurrence was based 
on HBV DNA detectability, the rates of  HBV recurrence 
were similar between the two groups (0.9% vs 3.8%, P = 
0.11)[64]. Given the current availability of  potent NAs with 
negligible risk of  long-term viral resistance, the clinical 
significance of  HBsAg seropositivity in HBV transplant 
patients is unclear[68]. The prognosis of  non-transplant 
CHB patients who maintain HBV DNA undetectability 
under NA(s) is excellent, particularly if  they had not de-
veloped cirrhosis before treatment[77], but the long-term 
outcome of  HBsAg-positive, HBV DNA negative trans-
plant patients under NAs needs further evaluation. In a 
recent study[78], 5 (20%) of  25 HBV transplant patients 
who discontinued anti-HBV prophylaxis became HBsAg-
positive, but none of  them experienced any clinically 
relevant event and three eventually cleared HBsAg and 
achieved seroconversion to anti-HBs without any thera-
peutic intervention. 

Currently, ETV and TDF should be the first-line op-
tions for HBIG-free prophylaxis. ETV may be avoided 
in patients with previous lamivudine resistance, who 
should be preferably treated with TDF. Compliance is 
always an issue with long-term oral antiviral therapy, 
particularly in prophylaxis after LT when patients feel 
well but remain at life-long risk of  HBV recurrence[64]. 
Until well designed studies determine the optimal mono-
prophylaxis approach, the combination of  HBIG (at 
least for a short period) and one nucleos(t)ide appears 
to be the most reasonable post-transplant approach. 
Monoprophylaxis with the new nucleos(t)sides analogues 
cannot be excluded in the future, particularly in patients 
with low risk of  recurrence[68]. 

THERAPEUTIC POST-TRANSPLANT 
APPROACH 
Recurrence of  HBV infection after LT is usually charac-
terized by reappearance of  serum HBsAg and/or serum 
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HBV DNA, which is frequently accompanied with bio-
chemical or clinical evidence of  recurrent liver disease. As 
mentioned before, particularly in patients under HBIG-
free post-LT HBV prophylaxis, the definition of  HBV 
recurrence might be reconsidered, as HBsAg seropositiv-
ity, usually in low titers, with undetectable HBV DNA, 
normal liver enzymes and no clinical manifestations of  
HBV recurrence may not have any clinical impact on the 
long-term graft and patient survival.

The choice of  treatment for HBV recurrence de-
pends on prior prophylactic therapy. In general, the prin-
ciples of  treatment in post-transplant HBV recurrence 
resemble those in the pre-transplant setting. ETV may 
be preferred in NA-naïve patients because of  the lack of  
nephrotoxicity, although in a recent study there was no 
difference in renal complications between ETV and TDF 
in liver transplant recipients[68]. In patients with prior la-
mivudine resistance, TDF is the best choice[37]. Little is 
known about the efficacy and safety of  the combination 
of  TDF and ETV which might be used in patients with 
multidrug resistant HBV strains.

ANTI-HBC POSITIVE DONORS
The current efforts to overcome the organ shortage in-
clude the use of  marginal liver grafts, such as those from 
anti-HBc positive donors. This source of  organs can be 
of  particular importance in countries with high preva-
lence of  HBV infection, such as the Mediterranean area 
and Asia. HBsAg positive liver patients are the optimal 
recipients to receive liver grafts from anti-HBc positive 
donors. Unfortunately, the “occult” HBV infection in the 
donor liver may be reactivated in the HBsAg negative re-
cipient due to post-LT immunosuppressive therapy lead-
ing to de novo HBV infection. In our systematic review[79] 
including 903 recipients of  anti-HBc positive liver grafts, 
de novo HBV infection developed in 19% of  HBsAg nega-

tive recipients being less frequent in anti-HBc/anti-HBs 
positive than HBV naive cases without prophylaxis (15% 
vs 48%, P < 0.001). Anti-HBV prophylaxis reduced de 
novo infection rates in both anti-HBc/anti-HBs positive 
(3%) and HBV naive recipients (12%)[79]. De novo HBV 
infection rates were 19%, 2.6% and 2.8% in HBsAg-
negative recipients under HBIG, lamivudine and their 
combination, respectively. Based on these findings[79], 
we concluded that liver grafts from anti-HBc positive 
donors can be safely used in HBsAg negative recipients, 
preferentially in anti-HBc/anti-HBs positive recipients 
who may need no prophylaxis at all, while the anti-HBc 
and/or anti-HBs negative recipients should receive long-
term prophylaxis with lamivudine (Figure 2).

CONCLUSION
Over the last two decade, the progress in anti-HBV 
therapy has led to great improvements in the manage-
ment of  HBV patients before and after LT. There is no 
doubt that all HBV patients with decompensated cirrho-
sis should be treated with a potent antiviral agent with 
minimal or no risk of  resistance, i.e. ETV or TDF. In 
addition, TDF is the preferred option for patients with 
prior lamivudine, ETV or telbivudine resistance. An ef-
fective pre-transplant anti-HBV therapy often stabilizes 
or even improves the underlying liver disease resulting 
sometimes in withdrawals from the transplant list. In ad-
dition, achievement of  serum HBV DNA undetectabil-
ity prevents post-transplant HBV recurrence. After LT, 
the combination of  HBIG (at least for a certain period) 
and one NA (ETV or TDF) currently appears to be the 
most reasonable prophylaxis, while monoprophylaxis 
with ETV or TDF cannot be excluded in the future, par-
ticularly in patients with low risk of  recurrence. Depend-
ing on previous drug exposure and possible pre-existing 
resistance mutations, ETV or TDF seem to be the most 
attractive options for post-LT HBV recurrence as well. 
Finally, liver grafts from anti-HBc positive donors can be 
safely used in HBsAg negative, preferentially anti-HBc/
anti-HBs positive recipients.
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Abstract
Currently, alcoholic cirrhosis is the second leading in-
dication for liver transplantation in the United States 
and Europe. The quality of life and survival after a liver 
transplantation (LT) in patients with alcoholic liver dis-
ease (ALD) are similar to those in patients with other 
cirrhosis etiologies. The alcoholic relapse rate after a 
LT varies from 10%-50%, and these relapse patients 
are the ones who present a reduced long-term survival, 
mainly due to cardiovascular diseases and the onset of 
de novo  neoplasms, including lung and upper aerodi-
gestive tract. Nearly 40% of ALD recipients resume 
smoking and resume it early post-LT. Therefore, our 
pre-and post-LT follow-up efforts regarding ALD should 
be focused not only on alcoholic relapse but also on 
treating and avoiding other modifiable risk factors such 
as tobacco. The psychiatric and psychosocial pre-LT 
evaluation and the post-LT follow-up with physicians, 
psychiatrists and addiction specialists are important for 
reversing these problems because these professionals 
help to identify patients at risk for relapse as well as 
those patients who have relapsed, thus enabling re-
sponsive actions.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Alcoholic liver disease; Alcohol recidivism; 
Alcohol relapse prevention; Long term survival; Liver 
transplantation

Core tip: Transplanted alcoholic liver disease (ALD) pa-
tients who relapse have an increased long-term mortal-
ity due to cardiovascular pathologies and the onset of 
de novo  neoplasms, including lung and upper aerodi-
gestive tract cancer. Nearly 40% of ALD recipients 
resume smoking and resume it early post-liver trans-
plantation (LT). Therefore, our pre-and post-LT follow-
up efforts regarding alcoholic liver disease should be 
focused not only on alcoholic relapse but also on treat-
ing and avoiding other modifiable risk factors such 
as tobacco. The psychiatric and psychosocial pre-LT 
evaluation and the post-LT follow-up with physicians, 
psychiatrists and addiction specialists are important for 
reversing these problems.

Iruzubieta P, Crespo J, Fábrega E. Long-term survival after liver 
transplantation for alcoholic liver disease. World J Gastroenterol 
2013; 19(48): 9198-9208  Available from: URL: http://www.wjg-
net.com/1007-9327/full/v19/i48/9198.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i48.9198

INTRODUCTION
Excessive alcohol consumption causes approximately 2.5 
million deaths per year and is responsible for almost 4% 
of  mortality worldwide. Alcohol has been associated with 
nearly 60 types of  diseases and is the third leading risk 
factor for disease and disability worldwide. Furthermore, 
excessive alcohol consumption contributes to multiple 
social problems, including violence, child neglect and ab-
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senteeism[1].
Alcoholic liver disease (ALD) is the main cause of  

cirrhosis in Western countries and contributes to one 
third of  the mortality associated with liver cirrhosis. Fur-
thermore, ALD is the second most common indication 
for liver transplantation (LT) in the United States and 
Western Europe[2-7], accounting for about 40% of  trans-
plants in Europe and 20% of  transplants in the United 
States[2-7].

If  we analyze the medium- and long-term survival of  
a transplant patient, there is no doubt that the recipients 
with an alcoholic etiology have great results, with a Eu-
ropean global 5-year survival rate of  73% and a 10-year 
survival rate of  59%[2,3], rates that are superior to those 
for recipients with other etiologies (Table 1)[3]. Therefore, 
we can infer that ALD is a good indication for LT[7]. 

However, these excellent results are diminished when a 
harmful alcohol consumption relapse occurs. These re-
lapses and their possible consequences on the transplant 
and on the survival and quality of  life of  the patient, as 
well as possible actions to avoid relapses, are discussed 
below. 

An evidence-based approach was used for this re-
view. MEDLINE search was performed to September 
2013 using the following MeSH terms: liver transplanta-
tion, alcohol-related disorders, alcohol-induced disor-
ders, drug abuse, substance abuse, tobacco, and neo-
plasm. Searches were limited to English language articles. 
References of  suitable articles were searched for other 
appropriate articles.

QUALITY OF LIFE AFTER LT
Quality of  life involves physical, mental and social well-
being, including working life, and is considered a survival 
indicator that even surpasses traditional indicators[8]. In 
the cirrhotic patient, a decrease in physical, psychological 
and intellectual capabilities occurs alongside liver func-
tion impairment[9]. Therefore, it is logical to believe that 
those patients with advanced liver disease might have a 
significant reduction in their quality of  life. Therefore, 
the question we might ask is the following: does LT im-

prove the quality of  life in these patients? To answer this 
question, numerous studies that evaluated the quality of  
life after LT have been performed[10-17]. However, it is not 
easy to extrapolate the results of  these studies due to the 
heterogeneity of  the post-transplantation follow-up times 
and the instruments that were used to evaluate the differ-
ent spheres comprising the quality of  life[10-17]. In general, 
studies reveal a significant short-term improvement in 
the quality of  life with no differences observed between 
ALD and non-alcoholic liver disease[10-18]. Notably, al-
though ALD patients seem less likely to be involved in 
structured social activities during the post-LT phase than 
the patients who were transplanted as a result of  other 
etiologies, the ALD patients return to society to lead 
active and productive lives[19]. Few studies analyzed the 
quality of  life long-term. As a representative study, the 
study by Ruppert et al[17]. that included a 12-year follow-
up after LT does not show a progressive loss of  quality 
of  life in these patients after the first year of  LT[17].

Regarding job reinsertion, the age at the time of  
the LT, the duration of  the pre-transplant disability and 
the physical and general health status of  the patient are 
the factors that correlate more with employment[14,20-22]. 
Globally, approximately half  of  the LT patients return to 
work[20-22], with no differences between the ALD patients 
and those with the remaining etiologies[15,23].

ALCOHOLIC RELAPSE/RECIDIVISM 
AFTER LT
We must recall that, although LT effectively restores the 
physiological function of  the liver and reverses the com-
plications of  portal hypertension, LT does not treat the 
underlying alcoholism. Alcoholism is a life-long disease 
that is often characterized by episodes of  a relapsing-
remitting pattern of  alcohol use despite the physical, 
psychological and social consequences, wherein the prob-
ability of  long-term sobriety becomes robust only after 5 
years of  sustained abstinence[24-26]. 

Dimension of the problem
Addiction specialists define relapse as the prolonged 
resumption of  heavy alcohol intake and distinguish this 
harmful drinking behavior from so-called slips, which 
are defined as sporadic drinking episodes followed by the 
reestablishment of  abstinence[27]. This definition of  alco-
holic relapse is in contrast to that by most transplant cen-
ters that consider any alcohol consumption after LT to be 
unacceptable and define recidivism as any use of  alcohol 
after LT[28]. Most of  these episodes of  alcohol abuse are 
effectively diagnosed with interviews and validated self-
reporting questionnaires[29,30].

Reviews summarizing the post-transplantation alco-
holic relapse rates note differences across studies ranging 
from 10%-95%, likely due to several factors, including 
variations in the study methodology, the definition and 
assessment of  relapse and the duration of  the follow-
up (Table 2)[28,31-60]. In general, the risk that alcoholic 

9199 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

Iruzubieta P et al . Alcohol and liver transplantation

  Indication for LT Patients (n ) From 1988 to 2009

1 yr 5 yr 10 yr
  Alcoholic cirrhosis 15019 86% 73% 59%
  Acute hepatic failure   6507 70% 64% 58%
  Cirrhosis virus C 10753 80% 65% 53%
  Cirrhosis viral C and alcoholic   1790 85% 69% 54%
  Cirrhosis virus B   4187 83% 74% 68%
  Hepatocarcinoma and cirrhosis   9122 83% 62% 49%
  Cholestatic disease   9114 87% 78% 70%
  Autoimmune cirrhosis   1892 85% 76% 67%
  Hemochromatosis     468 76% 66% 53%

Table 1  Primary indication for liver transplantation in Europe 
and the corresponding survival 

Adapted from the European Liver Transplant Registry[3]. LT: Liver 
transplantation.



recipients return to any alcohol use after LT is between 
10%-50% with 8-year follow-ups[28,31-60]. More specifically, 
between 20 and 50% of  the patients who received a liver 
transplant for end-stage ALD acknowledge some alcohol 
use in the first 5 years after LT, and 10%-15% will resume 
heavy drinking[28,55,59]. This finding compares favorably to 
post-treatment relapse rates as high as 80%-95% in treat-
ment studies of  alcoholics without ALD[24]. 

In a meta-analysis performed in 2008 on the risk of  
recurrence of  substance use after solid organ transplanta-
tion that included 54 studies, 50 of  which were on LT, it 
was concluded that the relapse rate of  alcohol consump-
tion after LT was 5.6 cases per 100 patients/year, and the 
relapse rate of  excessive consumption was 2.5 cases per 
100 patients/year[27]. Additionally, the authors concluded 
that it was possible that these cumulative incidence rates 
would become stable at some point that could not be es-
tablished because few of  the studies had a post-transplant 

follow-up over 7-8 years[27].
Being able to determine the threshold of  initiation of  

alcohol consumption after a liver transplant would be of  
great clinical and therapeutic utility because this knowl-
edge would allow us to plan specific interventions more 
accurately. DiMartini et al[61] have described four different 
patterns of  alcohol consumption depending on the start-
ing date, quantity and duration as follows: (1) Minimum 
consumption over a long period; (2) Early consumption 
that progresses rapidly to moderate consumption; (3) 
Early consumption that progresses continuously to a 
harmful consumption; and (4) Moderate consumption 
with a late start. These results indicate that we should 
maintain surveillance after the first year post-LT, despite 
the fact that the rates for the initiation of  consumption 
generally attenuate over time post-transplantation, prob-
ably due to the increase in the stability of  sobriety over 
time[30]. 

Consequences
The impact of  alcohol use on the patient is not entirely 
clear. The available literature suggests that abusive drink-
ing leads to a decrease in both graft and patient survival 
and may also lead to the lack of  therapeutic compliance.

Adherence to immunosuppressant medication: In LT, 
adherence to the immunosuppressant treatment and any 
other drugs medically prescribed is crucial for positive 
short- and long-term results in the transplanted patients 
because non-adherence to these measures might lead to 
graft rejection and failure[62]. Reviews summarizing the 
nonadherence rates post-transplantation note differences 
across studies ranging from 3%-47%, probably due to 
several factors, including variations in study methodology, 
definitions and the small number of  patients included in 
the studies[63-65]. 

Therefore, we question whether the consumption or 
abuse of  substances pre-LT increases the risk of  non-
adherence to immunosuppressant treatment[63,66] and 
whether an alcoholic relapse is associated with pre-LT 
alcohol use[36,62,63]. Berlakovich et al[63] studied the effect of  
alcohol consumption on adherence and found that the 
patients who relapsed (15 of  the 118 transplanted ALD 
patients) had a non-adherence rate that was no differ-
ent from that of  the patients who did not relapse. This 
finding was also demonstrated in a study performed in 
our hospital, where there was no association between 
the adherence to drug treatment and the presence or 
absence of  alcoholic relapse in a series of  transplanted 
ALD patients[36]. We believe that this concept is endorsed 
by the meta-analysis of  Dew et al[27], which showed a lack 
of  association. Specifically, these authors observed that 
European studies presented a lower non-adherence rate 
to immunosuppressant treatment compared to the North 
American studies, despite presenting significantly higher 
relapse rates of  harmful alcohol consumption[27]. 

Thus, the lack of  adherence seems to be linked to the 
personality of  the patient, the acknowledgement of  their 
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  Ref. Study design Patients Year Follow-up        Relapse 
(n ) median or rate

mean (mo)
  Bird [34] Retrospective 18 1990 84 17%
  Kumar et al[48] Retrospective 52 1990 25 12%
  Gish et al[42] Prospective 29 1993 24 24%
  Knechtle et al[38] Retrospective 32 1993 Not stated 13%
  Berlakovich et al[22] Retrospective 44 1994 78 32%
  Howard et al[45] Retrospective 20 1994 43 95%
  Krom et al[48] Retrospective 30 1994 Not stated 13%
  Osorio et al[51] Retrospective 43 1994 21 19%
  Gerhardt et al[41] Retrospective 41 1996 47 49%
  Tringali et al[56] Retrospective 58 1996 27 21%
  Zibari et al[58] Retrospective 29 1996 Not stated   7%
  Coffman et al[84] Prospective 91 1997 Not stated 20%
  Anand et al[31] Retrospective 39 1997 25 13%
  Everson et al[38] Retrospective 42 1997 Not stated 17%
  Foster et al[40] Retrospective 63 1997 49 21%
  Lucey et al[50] Retrospective 50 1997 63 34%
  Stefanini et al[53] Retrospective 18 1997 Not stated 27%
  Fabrega et al[39] Prospective 44 1998 40 18%
  Tang et al[54] Retrospective 56 1998 24 50%
  Yates et al[57] Retrospective 43 1998 21 19%
  Gledhill et al[44] Retrospective 24 1999 14 25%
  Pageaux et al[75] Retrospective 53 1999 32 42%
  Pereira et al[13] Retrospective 56 2000 30 50%
  Burra et al[73] Prospective 34 2000 40 33%
  Jain et al[79] Retrospective     185 2000 94 20%
  Dimartini et al[37] Prospective 36 2001 12 38%
  Gish et al[43] Prospective 61 2001 83 20%
  Mackie et al[28] Retrospective 46 2001 25 53%
  Bellamy et al[32] Retrospective     123 2001 84 13%
  Karman et al[57] Retrospective 49 2001 36 21%
  Bravata et al[93] Retrospective     313 2001 Not stated 32%
  Pageaux et al[52] Retrospective     128 2003 54 31%
  Jauhar et al[86] Retrospective     111 2004 44 15%
  Cuadrado et al[36] Retrospective 54 2005 99 26%
  Bjornsson et al[35] Retrospective     103 2005 31 33%
  Kelly et al[85] Retrospective 90 2006 67 31%
  Pfitzman et al[83] Retrospective     300 2007 89 19%
  Karim et al[91] Retrospective 80 2010 Not stated 10%
  Schmeding et al[60] Retrospective     300 2011 84 27%
  Rice et al[74] Retrospective     300 2013 78 16%

Table 2  Alcohol relapse (any use) after liver transplantation 
for alcohol liver disease 
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significantly in the relapse patients (45.1% vs 85.5%), with 
malignant tumors and cardiovascular events the main 
cause of  death in these patients (Figure 1)[36]. In addition, 
tobacco consumption was observed in all the patients 
with an alcoholic relapse and in only one quarter of  the 
abstemious patients, which might explain the higher mor-
tality rate due to cardiovascular events and neoplasms in 
these patients; this finding has been observed in other 
studies, as will be discussed later. However, the trans-
planted ALD patients are potentially affected not only by 
alcohol consumption but also by liver diseases with other 
etiologies. This finding has been shown in a recent study 
in which excessive alcohol consumption had a negative 
impact on long-term survival after LT regardless of  the 
indication[82].

Despite these results, it is important to distinguish 
from among the relapsers those who are “slip” drink-
ers (mild alcohol consumption that is usually isolated or 
self-limited) and those who are “heavy” drinkers (a long 
period of  alcohol consumption with a loss of  control) 
because the former have a better survival rate compared 
to the latter[83].

IDENTIFICATION OF THESE PATIENTS
Because of  the above findings, it is important to identify 
relapse patients, but it is more important to prevent this 
relapse by identifying the patients at risk.

In order to predict the post-LT alcoholic relapse 
risk with a high degree of  accuracy, it is necessary to ac-
knowledge the risk factors that have a strong correlation, 
which has not yet been achieved. In this regard, numer-
ous studies have identified factors related to the risk of  
post-LT alcoholic relapse, such as alcohol dependence, 
an age less than 40 years at the time of  the transplanta-
tion, a lack of  family and social support, a family history 
of  alcoholism, personality or psychiatric disorders, previ-
ous abstinence or substance abuse failures, younger age 
at LT, and the refusal of  further rehabilitation before the 
LT[30,37,40,42,43,58,78,83-87]. However, this association has not 
yet been corroborated in other studies[26,30,37,54,75,84-86]. For 
this reason, Kotlyar et al[88] decided to perform a critical 
review of  the literature on LT in ALD candidates and 
concluded that patients with a lack of  social support, 
active smoking, psychotic or personality disorders or 
a pattern of  nonadherence should be listed only with 
reservation, and those who have a diagnosis of  alcohol 
abuse as opposed to alcohol dependence may make bet-
ter transplant candidates. Finally, the most controversial 
among these risk factors is the 6-mo pre-LT period of  
abstinence, about which many studies have reported a 
high predictive power regarding relapse[27,30,34,89-91], while 
others have not found such a correlation[40,79,85,86,88,92].

Most LT centers in Europe and the United States 
require a minimum of  6 mo of  abstinence before be-
ing included in the waiting list. This common practice is 
based on two points: first, the possibility of  improving 
liver function and possibly avoiding the LT, and second, 

disease, the complexity of  the medical prescriptions, the 
presence of  family support and the doctor-patient rela-
tionship, more so more than to alcohol consumption[67,68].

Liver graft: Resuming alcohol consumption after LT 
may damage the graft because of  poor compliance with 
immunosuppressive drug treatment and alcohol-related 
liver injury. Graft loss from recurrent disease related to 
alcohol use is rare[69,70]. Globally, graft dysfunction related 
to relapse ranges from 0%-17%, although deaths related 
to relapse range from 0%-5%[52,71]. There are few studies 
on the severity of  the liver lesions associated with alcohol 
consumption after LT on ALD patients[60,72-74]. Rice et al[74] 
found that alcohol relapse is associated with advanced 
fibrosis on biopsy. In contrast, our histologic study re-
vealed only mild hepatic changes directly attributable to 
alcohol[36]. As reported by Pageaux et al[52,75], fatty changes 
and pericellular fibrosis represented the most relevant 
histological findings in patients who resumed heavy alco-
hol intake.

In contrast, several studies have shown that ALD LT 
patients have a lower rejection risk compared to other LT 
indications, suggesting an inhibitory effect of  alcohol over 
some components of  the immune response[2,76-78]. We have 
corroborated this finding and observed a lower incidence 
of  acute rejection among patients who relapse to alcohol 
consumption compared to abstemious patients[36].

Long-term survival: Jain et al[79] observed that the 5-year 
post-transplantation survival rate was significantly lower 
for transplanted ALD patients compared to transplanted 
non-alcoholic liver disease patients, mainly due to car-
diovascular events and de novo neoplasms, especially of  
the aerodigestive tract, which suggests that immunosup-
pression by itself  is not an initiation factor for malignant 
changes[80,81]. We reached a similar conclusion after we 
evaluated the alcoholic relapse risk in a series of  trans-
planted ALD patients and the influence of  a relapse on 
survival[35]. In our case, the 5-year survival rate was similar 
between relapsers and non-relapsers (92.9% vs 92.4%, re-
spectively), but after 10 years, the survival rate decreased 
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the higher alcoholic relapse rate reported in patients with 
a period of  abstinence less than 6 mo[51,93]. Both points 
have been discussed. Veldt et al[94] demonstrated that 
those with irreversible ALD were identified with 3 mo 
of  abstinence; out of  74 patients with a Child-Pugh C 
liver function, the percentage of  patients with improve-
ment after 1, 2 and 3 mo of  abstinence was 23%, 40% 
and 66%, respectively, and the remaining 33% did not 
show improvement at a 1-year follow-up. Furthermore, 
it has not been proven that this 6-mo abstinence period 
improves survival after LT[95]. Considering all of  this, and 
although improved post-LT abstinence rates have been 
documented with a longer pre-LT abstinence period, a 
cut-off  point has not yet been established[30,40]. Therefore, 
the pre-LT alcohol abstinence period could be shortened 
for some patients because this factor by itself  is a poor 
indicator of  post-LT relapse. In addition, some patients, 
especially those with a high Model for End-Stage Liver 
Disease score, have a considerable risk of  mortality dur-
ing the 6 mo abstinence period[96,97].

In conclusion, a thorough assessment by a trained 
alcoholism and addiction professional, rather that defined 
sobriety periods, should be the tool used to assess the fu-
ture risk of  alcoholic relapse in the alcoholic patient.

ALCOHOL AND TOBACCO 
Patients who undergo LT have an unexpectedly high 
rate of  de novo extrahepatic cancer[98,99], including lung 
and upper aerodigestive tract cancer[98,100,101], and studies 
have reported that patients with ALD are particularly 
affected[79,99,102]. Indeed, these tumors are known to be 
associated with alcohol intake and smoking because the 
carcinogenic or co-carcinogenic effects of  smoking and 
drinking might be enhanced by the post-LT immuno-
suppressive therapy[103]. The purported mechanisms of  
alcohol-mediated oncogenesis are poorly understood, but 
these pathways may involve the carcinogenic properties 
of  acetaldehyde and/or the inhibition of  DNA methyla-
tion via the alteration of  retinoid processing[104,105]. Saigal 
et al[106] found that patients who underwent LT for ALD 
appeared to have an increased risk of  developing post-
transplantation malignancies compared with those who 
underwent LT for other liver diseases. These authors hy-
pothesized that a tumorigenic action mediated by the im-
munosuppressive effect of  alcohol on natural killer cells 
could explain this observation. In fact, in the non-immu-
nosuppressed population, alcoholism is associated with 
an increased risk for several malignancies, including liver 
and alimentary tract tumors[107,108]. Jain et al[79] observed a 
higher rate of  de novo oropharyngeal and pulmonary neo-
plasms in transplanted ALD patients than in those with a 
non-alcoholic disease, similar to Duvoux et al[102], suggest-
ing the presence of  other initiators of  malignant changes 
in addition to immunosuppression. Among the identified 
risk factors, alcohol and tobacco consumption were high-
lighted[98,99,109], data also obtained in our study[36]. 

Regarding tobacco, nearly 90% of  alcoholics smoke[110], 

compared to 26.7% of  the general population of  the 
United States[111]. Regarding the candidates for LT, ap-
proximately 60% are smokers[112,113] and 15%-40% contin-
ue to smoke after the LT[112,114]. DiMartini et al[114] found 
that nearly 40% of  ALD recipients resume smoking and 
resume it early post-LT, increase their consumption over 
time and quickly become tobacco dependent. In a recent 
meta-analysis, active smoking was revealed as one of  the 
major risk cofactors, independent of  alcoholic relapse, 
of  long-term morbidity and mortality in transplant re-
cipients, either from cardiovascular complications or 
from de novo neoplasms[88]. This data was confirmed in 
numerous studies[36,109,114-121]. In an interesting study from 
a conceptual point of  view, Herrero et al[122] showed that 
smoking withdrawal after LT may have a protective ef-
fect against the development of  neoplasia. In particular, 
these researchers observed that patients with a smoking 
history who continued smoking after the LT, presented a 
hazard ratio of  approximately 20 for the development of  
neoplasms associated with tobacco (head and neck, lung, 
esophagus, kidney and urinary tract carcinomas), while 
the risk of  developing these neoplasms was reduced sig-
nificantly in ex-smokers[122]. Furthermore, as noted ear-
lier, smoking is also a risk for cardiovascular disease, and 
this is one of  the most frequent causes of  late mortality 
after LT[36,123]. Pungpapong et al[113] found a higher rate of  
vascular complications in LT recipients who had a history 
of  smoking. Those who quit smoking 2 years prior to the 
transplantation reduced the incidence of  vascular compli-
cations by 58%. Therefore, our pre- and post-LT follow-
up efforts regarding ALD should be focused not only 
on alcoholic relapse but also on treating and avoiding 
other modifiable risk factors such as tobacco, not simply 
because of  what was discussed earlier, but because we 
now acknowledge that tobacco is a risk factor for alcohol 
abuse. In a recent study on mice, it was observed that 
the rodents exposed to nicotine tended to ingest alcohol 
more frequently than those that were not administered 
such a substance due to a reduction in the dopamine re-
sponse of  the reward-response system in the brain, which 
thus decreased the pleasurable response to alcohol[124]. 
Given all the above-mentioned observations, the estab-
lishment of  control programs and post-LT interventions 
could perhaps reduce the mortality in these patients, as 
will be discussed below. 

POST-LT FOLLOW-UP IN ALD
Several approaches have been evaluated to reduce alcohol 
recidivism in alcoholic patients after LT, but there is no 
standardized approach, and the available data are few and 
often controversial. In some liver transplant centers, alco-
holic patients are encouraged to attend support groups, 
even if  the data demonstrating the efficacy of  such treat-
ment in this cluster of  patients are currently lacking. In a 
pilot study, Georgiou et al[125] reported that psychological 
interventions could be a valid approach to enhance mo-
tivation in these patients. However, this study was con-
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ducted on a limited number of  patients, and the efficacy 
of  this intervention on alcohol recidivism after LT was 
not evaluated. Björnsson et al[35] evaluated the impact of  
the management of  alcoholic patients by addiction psy-
chiatrists, social workers and tutors in the period before 
LT and reported a 22% prevalence of  alcohol recidivism 
in the treated group vs 48% in the untreated group. The 
presence of  an alcohol addiction unit within a liver trans-
plant center is not usual, but the study of  Addolorato et 
al[126] suggests that it could represent a useful approach 
to reducing alcohol recidivism after LT. However, objec-
tive and accurate indicators of  abstinence are required[127]. 
Direct detection in the blood or breath only assesses 
alcohol intake within the preceding 10-12 h[39,128]. Carbo-
hydrate-deficient transferrin (CDT) is an indirect marker 
that reflects alcohol intake in the previous 1-4 wk[129,130]; 
however, the daily consumption of  60-89 g of  ethanol 
for a period of  at least 7-10 d is required for a positive 
result. Therefore, CDT is inappropriate for the detection 
of  low-to-moderate alcohol intake. Furthermore, wide 
ranges in sensitivity and specificity of  46%-73% and 
70%-100%, respectively, have been reported[131]. Never-
theless, a high rate of  false-positives with the CDT test 
has been reported, particularly in patients with severe 
liver damage[131]. 

Currently, the determination of  ethyl glucuronide 
(EtG), a metabolic product of  alcohol, either in the urine 
or in the hair of  patients offers a new, reliable possibility 
for the detection of  alcohol intake[132-135]. Urinary EtG 
(uEtG) remains positive for up to 80 h after alcohol 

consumption and allows for the detection of  very small 
amounts of  ethanol (uptake of  < 5 g)[133,135] with a sen-
sitivity and specificity of  89% and 99%, respectively[131]. 
However, positive uEtG tests may occur after the acci-
dental consumption of  foods containing alcohol, such as 
chocolate, cake and others. To reduce this problem in the 
transplant setting, a higher cut-off  level for uEtG than 
what is routinely used (> 0.5 mg/L instead of  > 0.1 mg/
L) is recommended[132].

Furthermore, the detection of  EtG in the scalp hair 
of  patients is a powerful tool for monitoring abstinence 
over a retrospective period of  up to 6 mo. Each hair seg-
ment of  1 cm in length reflects alcohol consumption 
over a period of  approximately 1 mo. The test has been 
validated for a maximal hair length of  6 cm[135].

Thus, based on the above, we can infer that regular 
monitoring after LT is critical for determining the ongo-
ing abstinence from tobacco and alcohol and for provid-
ing treatment assistance when tobacco or alcohol use 
are identified. Using a combination of  methods (patient 
interviews by a trained alcoholism and addiction profes-
sional connected to the transplant team, independent 
caregiver reports and biochemical monitoring) provides 
the greatest yield because every method can add to the 
number of  identified cases[27]. 

As we have discussed previously, patients who under-
go LT have an unexpectedly high rate of  de novo extrahe-
patic cancer[98,99], including lung and upper aerodigestive 
tract cancer[100,102], and studies have reported that patients 
with ALD are particularly affected[79,99,102]. Therefore, 
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Figure 2  Proposed pre- and post-liver transplantation follow-up in alcohol liver disease. LT: Liver transplantation; ALD: Alcohol liver disease.
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apart from identifying and acting on predisposing factors 
for the development of  neoplasms (such as tobacco use, 
solar exposure and infections from oncogenic viruses), 
intensive tumor screening protocols have been suggested 
for these patients. Herrero et al[109] concluded that ALD 
transplant patients, smokers or ex-smokers, should have a 
further follow-up, including a low-radiation-dose thorax 
computed tomography (CT) scan, a consultation with 
an ear, nose and throat specialist and a urine exam, as 
suggested by Benlloch et al[136], who recommend an an-
nual head and neck cancer screening due to the high risk 
of  this type of  cancer. However, only two studies have 
shown that intensive screening protocols increase surviv-
al[137,138]. Therefore, at the present time, patient education, 
mainly to avoid smoking and sun exposure, and periodic 
clinical follow-ups continue to be the standard of  care 
regarding treatment[98].

CONCLUSION
In the last 10 years, ALD is the LT indication that has 
seen the greatest increase in prevalence[3] as well as in 
post-LT survival rate compared with other causes of  liver 
disease, although concerns over alcoholic relapse remain. 
Even though less than 5% of  grafts are rejected at 5 years 
post-LT due to a direct or indirect consequence of  alcohol 
consumption[139], transplanted ALD patients who relapse 
have an increased long-term mortality due to cardiovascu-
lar pathologies and the onset of  de novo neoplasms. 

Much has been discussed regarding the risk factors 
for relapse, and the most controversial has been, and 
continues to be, the pre-LT abstinence period. In view 
of  the foregoing, we can say that this period by itself  
should not be a determining factor to include a patient 
on the list because many other factors exist; therefore, a 
good psychiatric and psychosocial evaluation that identi-
fies and addresses such factors before and after the LT is 
important[140,141]. 

The major incidence of  de novo neoplasms in this type 
of  patient could be remedied with the detection of  and 
action on the predisposing factors for the development 
of  neoplasm in addition to the development of  more 
intensive programs for the detection of  neoplasm; how-
ever, the efficacy of  this approach must be demonstrated. 
What we conclude is that the pre-LT evaluation and the 
post-LT follow-up in ALD patients should be a multidis-
ciplinary task that includes transplant specialists, psychia-
trists and addiction treatment specialists (Figure 2).
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Abstract
The most appropriate treatment for Klatskin tumor (KT) 
with a curative intention is multimodal therapy based 
on achieving resection with tumour-free margins (R0 
resections) combined with other types of neoadjuvant 
or adjuvant treatment (the most important factor af-
fecting KT survival is the possibility of R0 resections, 
achieving 5-year survival rate of 40%-50%). Thirty to 
forty percent of patients with KT are inoperable and 
present a 5-year survival rate of 0%. In irresectable 
non-disseminated KT patients, using liver transplanta-
tion without neoadjuvant treatment, the 5-year surviv-
al rate increase to 38%, reaching 50% survival in early 
stage. In selected cases, with liver transplantation 
and neoadjuvant treatment (chemotherapy and radio-
therapy), the actuarial survival rate is 65% at 5 years 
and 59% at 10 years. In conclusion, correct staging, 
neoadjuvant treatment, living donor and priority on 
the liver transplant waiting list may lead to improved 
results. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Klatskin tumour; Cholangiocarcinoma; Liver 
transplantation; Liver surgery; Primary sclerosing chol-
angitis

Core tip: The most appropriate treatment for Klatskin 
tumor (KT) with a curative intention is multimodal 
therapy based on achieving R0 resection combined 
with other types of neoadjuvant or adjuvant treatment. 
In irresectable non-disseminated KT patients, using 
liver transplantation without neoadjuvant treatment, 
the 5-year survival rate increase to 38%, reaching 50% 
survival in early stage. In selected cases, with liver 
transplantation and neoadjuvant treatment (chemo-
therapy and radiotherapy), the actuarial survival rate 
is 65% at 5 years and 59% at 10 years. In conclusion, 
correct staging, neoadjuvant treatment, living donor 
and priority on the LT waiting list may lead to improved 
results. 

Robles R, Sánchez-Bueno F, Ramírez P, Brusadin R, Parrilla 
P. Liver transplantation for hilar cholangiocarcinoma. World J 
Gastroenterol 2013; 19(48): 9209-9215  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i48/9209.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i48.9209

INTRODUCTION
The most appropriate treatment for cholangiocarcinoma 
(CC) with a curative intention is multimodal therapy 
based on achieving R0 resection combined with other 
types of  neoadjuvant or adjuvant treatment such as ex-
ternal radiation therapy or brachytherapy, systemic or 
arterial chemotherapy, chemoradiation therapy and pho-
todynamic therapy[1-10]. 

Thirty to forty per cent of  patients with Klatskin tu-
mour (KT) are inoperable and present a 5-year survival 
rate of  0%. The other 60%-70% of  patients may be 
eligible for surgery, although some 15%-50% are non-
resectable and have an identical prognosis to inoperable 

TOPIC HIGHLIGHT

9209 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

WJG 20th Anniversary Special Issues (7): Liver transplant

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v19.i48.9209

World J Gastroenterol  2013 December 28; 19(48): 9209-9215
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.



patients. In these non-resectable cases (due to spread to 
the second-generation intrahepatic radicals), and provid-
ing there is no lymph node dissemination, liver metasta-
ses or extrahepatic spread, some authors classically have 
proposed liver transplant (LT)[9]. The most important 
factor affecting KT survival is the possibility of  tumour 
resection with tumour-free margins (R0 resections)[9,11-15]. 
The rate of  resectability has increased over the last 20 
years[16-22] as a result of  several factors: (1) extending tu-
mour resection to the hepatic parenchyma, especially cau-
date lobe resection[16-18], since bile drainage occurs at the 
bifurcation of  the hepatic ducts, performing extended 
right-sided resections also increases resectability[9] and it is 
often necessary to increase the residual liver volume with 
portal vein[23,24] or arterial[16] embolization; (2) extend-
ing tumour resection to the pancreatic head, associating 
a cephalic duodenopancreatectomy (CDP) to the liver 
resection[16,25-30]. This technique has been used when per-
forming both liver resection and LT[16,25-30]. Most authors 
generally only consider CDP for KT when there is inva-
sion of  the lower biliary resection margin; (3) performing 
vascular resections has led to higher rates of  morbidity 
and mortality, although it increases the possibility of  re-
section and also of  performing R0 resections[16]. Portal 
vein resection does seem to increase the 5-year survival 
rate, whereas hepatic artery resection does not appear to 
increase survival but does increase postoperative morbid-
ity and mortality; and (4) performing a lymphadenectomy 
appears to be fundamental for achieving an R0 resection 
by removing the lymphatic pathways of  dissemination 
and eliminating the frequent perineural dissemination 
through the periduodenal and peripancreatic elements of  
the hepatic hilum[31].

RESULTS OF LIVER TRANSPLANTATION 
WITHOUT NEOADJUVANCY
The indications for LT in KT patients were not well 
established due to the poor results reported in the litera-
ture, and each case needs to be analysed separately. When 
the tumour was non-resectable and not disseminated, 
palliative treatment obtains a zero 5-year survival rate but 
LT may achieve complete R0 resection of  the tumour[16]. 
Some authors associated a CDP to the LT[16,25-30] and 
Starzl et al[32] and Alessiani et al[33] even extended the resec-
tion to neighbouring organs (cluster transplantation). The 
drawback with LT is immunosuppression, which favours 
the dissemination of  tumour remains that might have 
gone unnoticed, which is why the fundamental cause of  
death following LT is usually abdominal tumour recur-
rence (occurring in 56%-96% of  cases)[34-39]. The 5-year 
survival rate in LT series for KT is 0%-38%[34-39] and did 
not exceed 38% when it was more aggressive (cluster 
transplantation)[32]. An example of  these poor results was 
published by the Cincinnati Transplant Tumour Registry 
in 2000[36] in an analysis of  207 cases of  LT for CC, with 
a 23% 5-year survival rate, a 51% rate of  early tumour 
recurrence and a 10% rate of  postoperative mortality. 

The survival rate was lower than with LT for other indi-
cations, and because of  the scarcity of  organs many cen-
tres considered LT contraindicated for KT. These poor 
results have been related to three factors: (1) poor patient 
selection, LT being indicated in patients with non-resect-
able tumours with biliary, portal and arterial invasion; (2) 
not performing a preoperative exploratory laparotomy 
and therefore many patients undergoing transplantation 
with disseminated peritoneal disease (16% of  the cases) 
and affected regional lymph nodes; and (3) none of  the 
patients receiving neoadjuvant therapy.

The Spanish series[40] reported 36 LTs for KT over a 
period of  18 years [3 of  them associated with primary 
sclerosing cholangitis (PSC)], with 52.7% recurrence and 
8.3% postoperative mortality and 30% and 18% survival 
at 5 and 10 years, respectively. In the early stages (stages 
Ⅰ-Ⅱ) the survival rate was suitable for indicating LT 
(47% at 5 years), whereas in very advanced stages (Ⅲ-Ⅳ) 
it was only 15%. Despite the bad results (30% survival 
at 5 years) we showed that a small group of  patients un-
dergoing LT with negative lymph nodes had prolonged 
survival rates and that LT might therefore be an option 
in carefully selected cases. Subsequently Kaiser et al[41], in 
a similar study, presented their experience in Germany 
and reported 47 patients undergoing transplantation for 
KT, with a higher postoperative mortality rate (20%) 
and a 5-year survival rate of  22%. As with the Spanish 
series, when the selection criteria were strict (from 1998 
onwards) the 5-year survival rate of  the 15 transplant pa-
tients was 48% (P < 0.014). Friman et al[42]  have reported 
the Scandinavian experience with LT for CC and 20 of  
the 53 patients in the series were KT. The same results 
were reported as for the Spanish and German series, with 
a 48% 5-year survival rate in patients with tumor node 
metastasis (TNM) stages ≤ 2 who received transplanta-
tion from 1995 onwards (the rate of  PSC in this series 
was 64%, compared to 8% in the Spanish series). As 
Friman et al[42] state, this survival rate was similar to that 
obtained in some series with LT for hepatic cirrhosis sec-
ondary to C virus.

Some authors have compared resection with LT wi
thout neoadjuvant. Hidalgo et al[43] have reported 106 
patients with KT, managing resection in 44 cases and 
performing LT in 12. There were no differences between 
resection and LT for sex, early stages, tumour size, lymph 
node invasion (7 from the LT group were N1), differen-
tiation grade, perineural invasion and vascular invasion. 
There were also no differences for 5-year survival (28% 
with resection vs 20% with LT). As in our series, the pa-
tients undergoing LT were much younger than those with 
resection (P < 0.012). Factors of  poor prognosis were 
stages Ⅲ-Ⅳ, R1-2 resections, presence of  lymph node 
invasion and liver metastases, undifferentiated tumours 
and vascular invasion. The Mayo Clinic in Rochester, in 
a study published in 2005[44], compared 38 LTs selected 
among 71 patients with the neoadjuvant protocol and 26 
patients with liver resection from a total of  54 patients in 
whom it was attempted (48% resectability). The authors 
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concluded that transplantation may be the ideal treatment 
for KT due to a better 5-year survival rate (82% vs 21%) 
and lower rates of  recurrence (13% vs 27% with resec-
tion), but the drawback with the study was that the two 
series were not homogeneous. The age of  the LT group 
was 48 years, compared to 63 years in the resection group, 
and they were all stages Ⅰ-Ⅱ whereas 14% of  the resec-
tion group had hepatic metastases, 39% vascular invasion, 
25% positive lymph nodes in the hepatic hilum and 18% 
peritoneal metastases. They also performed just 38% of  
caudate lobe resections in the resection group, a technique 
which all authors currently claimed to be fundamental for 
preventing KT recurrence. They also selected PSC pa-
tients with an early diagnosis for the transplant group, as 
58% of  the transplanted patients had a Klatskin tumour 
besides PSC, compared to 8% of  the resected patients. 
These results were in contrast to those published by Iwat-
suki et al[45], who found no differences between LT and 
resection, in this case without neoadjuvant. When we have 
compared[46] 11 LTs and 29 KT resections without neo-
adjuvant, we also found no differences for 5-year survival 
(38% with LT and 36% with resection), and in no case 
was PSC associated.

RESULTS OF LIVER TRANSPLANTATION 
WITH NEOADJUVANCY
In 1987 the University of  Nebraska initiated a protocol 
of  brachytherapy and chemotherapy with fluorouracil 
(5-FU) up until transplantation and in 2002[47] published a 
series of  11 patients showing prolonged survival rates for 
a select group of  patients with non-resectable KT who 
received neoadjuvant internal radiation therapy alone or 
with chemotherapy with 5-FU (external radiation therapy 
was associated in 2 patients). Of  these, 45% were alive 
and disease-free between 2.8 and 15.5 years after the 
transplant. The authors reported a high postoperative 
mortality rate of  27% and a low recurrence rate of  18%.

Subsequently in 1993 the Mayo Clinic initiated a 
protocol[26,44,48-53] of  neoadjuvant treatment with external 
radiation therapy, chemotherapy with 5-FU for three days 
and internal radiation therapy, followed by capecitabine 
up until transplantation. All the patients were consid-
ered non-resectable by an experienced group of  hepa-
tobiliary surgeons and all the patients had to belong to 
stages Ⅰ and Ⅱ of  the TNM classification[54]. For this 
they established an exhaustive selection process, perform-
ing exploratory laparotomy 2 mo after the end of  radia-
tion therapy and excluding the patient from the study if  
the tumour was disseminated. In 2008[50] they reported 
148 patients (90 having completed neoadjuvant and LT), 
of  whom 71 were alive, 19 died (8 due to tumour recur-
rence), 19 were awaiting LT and 39 failed to complete 
neoadjuvant due to progression of  the disease. The 5-year 
survival rate in the group was 55%, and 71% among the 
transplant patients. The good results with this protocol 
were related to several factors: external and internal radia-
tion therapy (useful for controlling wall and perineural 

invasion); strict patient selection, as all were stages Ⅰ-Ⅱ, 
unlike other series in which stages Ⅲ-Ⅳ exceed 40%, and 
most were young patients; and lastly the significant rate 
of  PSC (65%). The neoadjuvant treatment was so effec-
tive that no tumour was found in the explanted liver (even 
though cytology prior to LT had been positive). Factors 
of  poor prognosis in their series were age > 45 years, 
carbohydrate antigen [carbohidrate antigen (CA) 19-9] < 
100, previous cholecystectomy, residual tumour of  > 2 
cm, perineural invasion, and waiting time > 100 d, hence 
the importance of  living donor LT and application of  a 
scoring system besides the Model for End-Stage Liver 
Disease (MELD) system. The drawback of  this protocol 
were a higher rate of  late vascular complications and a 
greater need for the use of  grafts[55], especially when liv-
ing donor LT was used. This greater difficulty was related 
to the significant fibrosis encountered during the trans-
plant as a result of  radiation therapy, although it does not 
affect patient or organ survival.

Results after acknowledgement of LT for KT by UNOS
The good results reported by the Mayo Clinic in Roch-
ester lead to United Network Organ Sharing (UNOS) 
adopting this protocol on 17 November 2009 and begin-
ning to allow priority MELD exception scores for CC 
patients who have completed the neoadjuvant chemo-
radiation protocol and for whom staging laparotomy was 
negative[26,30]. Darwish Murad et al[26] re-published the results 
of  the Mayo Clinic in Rochester, including 199 patients 
in the protocol, both intrahepatic CCs and KTs. Twenty 
patients did not reach the staging laparotomy, due in 15 
cases to progression of  the disease and to 4 dying from 
causes unrelated to the disease and 1 from intolerance 
to the treatment. An exploratory laparotomy was per-
formed in 179 at the end of  the protocol and 42 patients 
were excluded: 36 for metastases, 40 for progression of  
the disease and 2 who died without progression prior to 
transplantation. One hundred and thirty-seven patients 
underwent transplantation: 131 in their hospital (66%) 
and 6 in other hospitals. Thirty-six patients died (27%): 
24 due to recurrence and 12 from other causes. The ac-
tuarial 5-year survival rate was 71%, with tumour recur-
rence in 26 patients, of  whom 24 died as a result.

Darwish Murad et al[26] analysed pre-LT dropout fac-
tors and found that 62 of  the 199 patients (31%) aban-
don the waiting list, their mean survival being just 3.6 mo. 
Statistically significant factors of  poor prognosis in the 
univariate analysis were presentation with painless jaun-
dice, weight loss, visible tumour mass of  ≥ 3 cm, posi-
tive or suspicious intraluminal brushing or biopsy, high 
CA 19-9 (> 500) and higher MELD score. Statistically 
significant in the multivariate analysis were mass size of  
≥ 3 cm, positive or suspicious intraluminal brushing or 
biopsy, high CA 19-9 and higher MELD score.

Darwish Murad et al[26] also analysed the prognostic 
factors related to tumour recurrence following liver trans-
plantation. Statistically significant in the univariate analy-
sis were age over 50 years, size ≥ 3 cm, CA 19-9 over 
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rence during evolution. The remaining 15 cases (5%) had 
no tumour in the preoperative period or in the explant 
and the authors claim that even if  they had been excluded 
the 5-year survival rate was 50% in the other 272. They 
concluded that neoadjuvant was effective, there were no 
inter-centre differences and that the MELD system was 
valid for waiting list selection.

Validation of the results of other centres
These results show that LT is a valid therapeutic option 
for both hilar and intrahepatic cholangiocarcinoma, es-
pecially when neoadjuvant treatment is used. However, 
there are doubts in the literature, as not all centres reproduce 
these results, something which, as also claimed by Friman et 
al[56], may be related to the high % of  patients with PSC, 
strict criteria for a preoperative diagnosis of  malignancy 
and especially[55] strict criteria for selection (performing a 
staging laparotomy after performing neoadjuvant). Other 
American centres have recently reported their results 
for LT for cholangiocarcinoma. Panjala et al[27], from the 
Mayo Clinic in Florida, reported 22 patients in whom the 
protocol of  the Mayo Clinic in Rochester was applied be-
tween 2001 and 2008. Seventeen cases (77%) were asso-
ciated with PSC and 5 were the novo KTs. They did not 
perform an exploratory laparotomy and staging was done 
during LT with 2 recipients. The preoperative diagnosis 
was certainty in 12 cases and suspicion in 10. During 
transplantation 3 of  the 12 patients with a preoperative 
diagnosis of  certainty presented with liver metastases in 2 
cases and an intestinal implant in 1 case. Overall survival 
was 63%, similar to that reported by the Rochester group. 
As with the Rochester group there were patients with no 
tumour in the explant, which influenced the survival rate: 
there was still tumour in 77% (17 cases) but no tumour 
remains could be identified in 5 cases (23%), a factor with 
which survival was related, such that patients with tu-
mour in the explant had a survival rate of  52% at 3 years 
and those with no tumour in the explant had a survival 
rate of  100%. Nine patients (41%) died as a result of  re-
currence and 3 for other non-tumour-related causes, the 
recurrence rate being 27% at one year, 4.5% the second 
year and 4.5% the third year. When the association with 
PSC was analysed, these patients made up 93% of  the 
group of  patients with no tumour recurrence, whereas 
it constituted 50% of  the patients who did have tumour 
recurrence, which implies that patients with de novo KT 
carry a higher risk of  recurrence than those associated 
with PSC: of  the 17 with PSC there were 4 recurrences 
and 1 with visceral metastases, whereas in the 5 de novo 
KTs there were 4 recurrences and 2 visceral metastases.

Of  a total of  132 cholangiocarcinomas, the UCLA 
University[57,58] selected 57 for surgery and perform LT in 
38 of  them[57]. In a subsequent publication they reported 
40 liver transplants for CC, of  which 14 were for KT[58]. 
Only 13 patients received neoadjuvant treatment with 
chemotherapy plus radiation therapy[58] and the 5-year 
survival rate was 47% when neoadjuvant was applied, 
compared to 20% without neoadjuvant treatment and 

500 and vascular encasement. Statistically significant in 
the multivariate analysis were high CA 19-9 and complete 
portal vein encasement, perineural invasion and tumour 
persistence in the explant. In the multivariate study tu-
mour persistence in the explanted liver was exclusively 
significant. It is worth noting in this series that the pa-
tients undergoing transplantation for KT associated with 
PSC had a lower risk of  recurrence than the patients with 
the novo KT.

In 2012, after approving the neoadjuvant protocol in 
2009 in the United States, Darwish Murad et al[30] send a 
survey to 50 American centres to collected their experi-
ence in LT for cholangiocarcinoma between 1993 and 
July 2010 and received 30 responses (8 of  the 20 non-
respondents were because they did not applied the neo-
adjuvant protocol). Selection for transplantation from the 
waiting list was done with a MELD score of  22 points 
and with the same criteria as with hepatocarcinoma: every 
3 mo 10% drop off  the waiting list. The objectives have 
been: (1) to assess the efficacy of  neoadjuvant for KT; 
(2) to analyse the intercentre impact of  neoadjuvant; and 
(3) to evaluate whether the MELD system applied is ap-
propriate. They included 287 patients, of  whom 22 were 
excluded (16 due to progression, 3 who died of  causes 
unrelated to cancer, and 3 who did not tolerate the treat-
ment). Staging laparotomy was performed in 229 patients 
and extrahepatic disease detected in 40, who were also 
excluded. Nine patients were excluded after the laparot-
omy (7 for tumour progression and 2 who died of  non-
tumour-related causes). Transplantation was done in 184 
cases following staging and in another 30 who underwent 
transplantation without staging after neoadjuvant (214 
liver transplants in total).

Of  the 287 patients included in the study 193 be-
longed to the Mayo Clinic in Rochester and 94 to other 
centres (between 2 and 12 transplants). A CDP was asso-
ciated in 22 cases. One hundred and twenty-two patients 
died: 60 prior to liver transplantation and 62 after trans-
plantation (22%). There was a post-transplant recurrence 
in 43 patients (20%), of  whom 40 died. The actuarial sur-
vival rate was 65% at 5 years and 59% at 10 years. They 
analysed the prognostic factors and found no differences 
between living and deceased donor transplantation or 
between KT associated with PSC and the novo KT; there 
were also no differences between patients with and with-
out exploratory laparotomy: 36/184 recurrences (20%) vs 
7/30 recurrences (23%), respectively. A poorer prognosis 
was shown by patients who do not fulfil UNOS criteria 
for MELD exception: existence of  a mass of  > 3 cm (21 
patients), with a 5-year survival rate of  32%, vs 69% for < 
3 cm masses; those with liver metastases (4 patients); and 
when a percutaneous biopsy was done for tumour diag-
nosis (16 cases). As in previous series there was a group 
of  patients with no preoperative biopsy for diagnosis, 
no tumour in the explanted specimen and whose deaths 
were not tumour-related. Of  87 patients with no reliable 
preoperative tumour diagnosis 55 did have a tumour in 
the explant and another 17 presented with tumour recur-
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33% when adjuvant treatment was administered. These 
results were lower than those reported by the Rochester 
group and similar to those reported for European groups 
without neoadjuvant on selected early cases[40-42].

In 2012 the Anderson Cancer Center reported the ef-
ficacy of  neoadjuvant treatment in patients with resection 
of  tumours of  the bile duct. Of  157 patients 94 were 
cholangiocarcinomas[59]. Forty-eight point seven per cent 
received adjuvant chemotherapy, 17.8% had neoadjuvant 
chemotherapy and 15.8% had chemotherapy plus neoad-
juvant radiation therapy (the latter treatment delayed sur-
gery by 6.8 mo). The 5-year survival rate was 30.4%, and 
when immediate tumour resection was achieved without 
neoadjuvant with a margin of  at least 1 cm the survival 
rate was 52.4%. Thus, immediate tumour resection in-
creased survival from 42.3 to 53.5 mo. This protocol was 
applied to patients considered initially resectable, and not 
as occurs in CC patients considered non-resectable to 
whom the Rochester protocol was applied before trans-
plantation.

The results for other non-American groups[60-62] has 
been contradictory, with favourable[60] and unfavourable[61] 
cases, very small series and an absence of  multicentric 
prospective studies. Wu et al[62] achieved good results with 
the protocol. They reported 6 patients with PSC and 
cholangiocarcinoma, with a similar early detection proto-
col to that of  the Mayo Clinic in Rochester; the patients 
only received neoadjuvant radiation therapy before LT 
with CDP and only 1 died from a non-tumour-related 
cause, the other 5 having survived more than 5 years.

In conclusion, R0 resection is the most accepted treat-
ment of  KT. In non-disseminated unresectable tumours, 
liver transplantation in early stages have an acceptable 
survival (50% at 5 years). In these same patients (KT and 
early stages), treatment with neoadjuvant chemoradio-
therapy and very strict selection criteria achieves a 5-year 
survival rate of  over 65%. The series with neoadjuvant 
treatment are not homogeneous and most tumours are 
associated with PSC as compared to other series where 
most are the novo KT. Therefore, some authors consider 
it necessary prospective randomized studies, comparing 
KT associated to PSC and the novo KT, to discover the 
proper role of  neoadjuvant chemoradiation[63]. Staging 
correct, the priority in the waiting list LT (MELD) and 
living donor LT may lead to better results.
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Abstract
The severity of fecal incontinence widely varies and can 
have dramatic devastating impacts on a person’s life. 
Fecal incontinence is common, though it is often under-
reported by patients. In addition to standard treatment 
options, new treatments have been developed during 
the past decade to attempt to effectively treat fecal in-
continence with minimal morbidity. Non-operative treat-
ments include dietary modifications, medications, and 
biofeedback therapy. Currently used surgical treatments 
include repair (sphincteroplasty), stimulation (sacral 
nerve stimulation or posterior tibial nerve stimulation), 
replacement (artificial bowel sphincter or muscle trans-
position) and diversion (stoma formation). Newer aug-
mentation treatments such as radiofrequency energy 
delivery and injectable materials, are minimally invasive 
tools that may be good options before proceeding to 
surgery in some patients with mild fecal incontinence. 
In general, more invasive surgical treatments are now 
reserved for moderate to severe fecal incontinence. 
Functional and quality of life related outcomes, as well 
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as potential complications of the treatment must be 
considered and the treatment of fecal incontinence 
must be individualized to the patient. General indica-
tions, techniques, and outcomes profiles for the various 
treatments of fecal incontinence are discussed in detail. 
Choosing the most effective treatment for the individual 
patient is essential to achieve optimal outcomes in the 
treatment of fecal incontinence.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Fecal incontinence; Treatment; Sacral nerve 
stimulation; Sphincteroplasty; Artificial bowel Sphincter; 
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Core tip: An increasing number of treatment options for 
the management of fecal incontinence have been devel-
oped. In addition to traditional options such as sphinc-
teroplasty and colostomy, non-surgical options such as 
biofeedback and dietary modification may be considered 
for mild incontinence. Injectable materials and radiofre-
quency energy delivery are two newer treatments for 
mild incontinence. Surgical options for moderate to se-
vere incontinence include sacral nerve stimulation, artifi-
cial bowel sphincter implantation, muscle transposition, 
antegrade continence enemas, sphincteroplasty, and 
colostomy formation. Treatment for fecal incontinence 
(repair, stimulation, replacement, augmentation, or di-
version) must be individualized to the patient, consider-
ing the underlying cause and impact on quality of life of 
the fecal incontinence.
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INTRODUCTION
Fecal incontinence is a common problem; one that is 
likely underreported in the general population. The 
prevalence of  fecal incontinence varies in the literature, 
with one study of  over 4000 surveyed American adults 
finding a prevalence of  8.3%[1]. The much larger and 
more recent  Mature Women’s Health Study of  over 
5800 American women found an even higher incidence 
of  accidental bowel leakage of  almost 20%[2]. Inconti-
nence to liquid or solid stool, mucous, or flatus occurs 
with varying frequency and can have a range of  impact 
on daily function[1]. The Mature Women’s Health Study 
found that nearly 40% of  women with accidental bowel 
leakage have severe symptoms impacting their quality of  
life, even though less than one third of  women sought 
medical care for their bowel leakage[3,4]. While there can 
be many etiologic factors contributing to its develop-
ment, there are some common risk factors. Age, diar-
rhea or frequent bowel movements, nocturnal bowel 
movements, other bowel disorders, and the presence of  
urinary incontinence are commonly associated with fe-
cal incontinence[1,4,5]. In women, internal sphincter injury 
and reduced perineal descent related to obstetrical trauma 
independently predict the development of  fecal inconti-
nence[6]. Other risk factors include neurological disorders, 
congenital anorectal malformations, trauma, iatrogenic 
injury during anorectal procedures, and chronic diseases 
such as diabetes[6-9].

It is necessary to complete a physiological and ana-
tomical assessment of  the pelvis and colon in order 
to choose the most appropriate treatment option for a 
patient’s fecal incontinence. This caveat is especially im-
portant since many women with fecal incontinence have 
associated genital and urinary anatomical or functional 
problems[10]. A rectal examination may identify a sphinc-
ter defect or decreased rectal tone. This finding may be 
helpful to identify potential etiologies and treatments for 
a patient’s fecal incontinence. Though not all investiga-
tions are required for every patient, options include anal 
or pelvic ultrasound, anal manometry, defecography, 
magnetic resonance imaging, and electromyography with 
pudendal nerve terminal motor latency testing. Anatomi-
cal imaging can help identify sphincter defects and asso-
ciated pelvic floor disorders such as rectocele or prolapse, 
which may be contributing to the severity of  inconti-
nence[11,12]. A physiology lab is helpful for the assessment 
of  incontinence and other pelvic floor disorders. 

The impact of  fecal incontinence varies and can 
greatly alter a person’s ability to perform daily activities. 
One may alter timing of  meals or eating habits, and pos-
sibly avoid all social occasions for fear of  embarrass-
ment[8]. While fecal incontinence is not a normal part of  
aging it may be perceived as such, and older people may 
not seek treatment until symptoms are severe. Treatment 
options for fecal incontinence range from dietary modi-
fication and physical therapy to major surgery, such as 
colostomy formation. In recent decades, many new treat-
ments for fecal incontinence have been developed with 

good success, adding to traditional options of  sphincter-
oplasty and ostomy formation. These alternatives include 
biofeedback, radiofrequency, injectable materials, and 
surgical approaches such as sacral nerve stimulation, the 
artificial bowel sphincter, and muscle transposition. A re-
cent Cochrane review concluded that there is insufficient 
evidence to allow for quality comparisons to be made 
among the various surgical approaches to fecal inconti-
nence[13]. The decision among these options is multifacto-
rial and the severity of  the incontinence, patient anatomy, 
and patient wishes must all be carefully considered. The 
aim of  this article is to review current options for the 
management of  fecal incontinence, their indications, and 
reported outcomes. The treatments most commonly of-
fered by the authors, from the five available categories of  
repair, stimulation, replacement, augmentation, and diver-
sion, are discussed.

DIETARY MODIFICATION AND 
MEDICATION
Modifiable diet and lifestyle factors may be identified 
which can provide simple interventions to try to improve 
symptoms. Smoking and sedentary lifestyle are associated 
with fecal incontinence[14]. Weight loss has been shown to 
improve fecal incontinence in obese women[15]. Medica-
tions should be reviewed with the help of  a pharmacist 
to identify potentially incriminating medications. Low fi-
ber and high fat diets may be contributory to loose stools. 
Loose stools and diarrhea often precipitate symptoms of  
fecal incontinence and may be improved with dietary and 
medication alterations. Other factors may be identified 
that may suggest the need for further testing or anatomi-
cal causes of  fecal incontinence. For example, cholecys-
tectomy may lead to persistent diarrhea and flatulence 
which may amplify symptoms of  fecal incontinence; cho-
lestyramine may help relieve these symptoms[16,17].

The addition of  a daily fiber supplement should 
be advocated in fecal incontinence. It acts as a bulking 
agent to allow for more solid stool and adds little to no 
morbidity to the patient. A randomized, blinded, placebo 
controlled study found that fiber improved fecal inconti-
nence and stool consistency within 1 mo in the commu-
nity living population[18]. In addition to fiber, medications 
with a constipating effect may be useful for patients with 
fecal incontinence with loose stools. These pharmaco-
logic agents include loperamide, diphenoxylate and atro-
pine, and codeine. Loperamide is most commonly used 
and may also have beneficial effects on anal sphincter 
resting tone[19]. Unfortunately, studies comparing various 
medications are lacking and trials of  medications for the 
treatment of  fecal incontinence include very heteroge-
neous populations and treatments[20]. A Cochrane review 
conducted in 2013 concluded that there is insufficient ev-
idence to guide the decision between medications for the 
treatment of  incontinence in various clinical situations[20]. 
Clearly, no medication will cure moderate to severe fecal 
incontinence, but it should certainly be utilized in mildly 
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symptomatic patients where indicated.

BIOFEEDBACK
Biofeedback is a form of  physical therapy and muscle 
re-training offered to patients refractory to medical 
treatment of  fecal incontinence. There are numerous 
regimens, most of  which involve many weeks of  treat-
ment lead by a physical therapist. Numerous studies have 
attempted to define the most effective regimen and most 
responsive patient population, but overall there are few 
high quality studies showing a definitive impact of  bio-
feedback on fecal incontinence[21]. It has been suggested 
by some authors that biofeedback should be offered to 
all patients who have not responded to medical interven-
tions of  fecal incontinence because it is safe, inexpensive, 
and effective long term[22]. Older patients with normal 
defecation physiology appear to respond well[23]. Ad-
vanced anorectal physiology tests such as manometry, 
defecography, pelvic magnetic resonance imaging, and 
pudendal nerve terminal motor latency testing do not 
seem to predict who will respond best to biofeedback[24]. 
Patients with mild or moderate fecal incontinence who 
have not responded well to medical treatments are likely 
the best candidates for biofeedback[25].

The technique of  biofeedback may include monitored 
or home sessions, pelvic floor exercises, digital feedback, 
electrical stimulation, balloons, and manometric or ul-
trasound monitoring of  response. Pelvic floor exercises 
alone have been shown to improve fecal incontinence 
scores and quality of  life[26]. In one study of  pelvic floor 
exercises, no differences in treatment effect were found 
between the different regimens, but symptoms improved 
in both groups[26]. The addition of  biofeedback using 
manometry is more effective than pelvic floor exercises 
alone to improve fecal incontinence scores and achieve 
more physiologically normal defecation[27]. Biofeedback 
with digital feedback alone may be just as effective as 
manometry and ultrasound guided treatment, provid-
ing enough feedback to guide re-training, as found in a 
randomized controlled trial of  different methods of  bio-
feedback[28]. Some literature suggests that electrical stimu-
lation leads to more effective results over biofeedback 
alone, while others have found that biofeedback alone is 

adequate to improve patient symptoms[29,30]. A multicenter 
randomized and blinded trial found that the combination 
of  electrical stimulation with extended treatment dura-
tion (longer than 3 mo) achieved the best results[29]. Such 
treatment regimens may not be available in many centers, 
but access to a trained biofeedback therapist who is aware 
of  the various treatment modalities may be invaluable to 
the population with fecal incontinence.

Biofeedback requires the patient and therapist to 
commit to treatment for a number of  weeks to months. 
One study found that only 44% of  patients with fecal 
incontinence who were recommended to undergo bio-
feedback therapy completed the treatment[31]. This find-
ing was largely due to lack of  insurance coverage and dis-
tance to treatment centers[31]. It is important to note that 
in this study those patients who did undergo biofeedback 
reported an 80% positive response to the treatment[31]. 
Other studies have confirmed improvement in over 70% 
of  patients when fecal incontinence scores and quality 
of  life scores were assessed[32,33]. Table 1 summarizes the 
success of  biofeedback. Physiologic parameters such as 
squeeze pressure and maximum tolerated volume have 
also been reported to improve with biofeedback[34]. Im-
provements in fecal incontinence scores are durable over 
at least 1 year, but some patients may require additional 
sessions to boost the effect[35]. Pelvic floor training with 
biofeedback is likely beneficial to many patients with fe-
cal incontinence long term, but patients and therapist 
must be willing to devote the time to a complete set of  
sessions to see maximum benefit. In those able to do 
so, biofeedback may achieve improvement in symptoms 
without invasive procedures.

REPAIR
Sphincteroplasty
Sphincteroplasty has long been the standard of  care of  
the management of  fecal incontinence related to anal 
sphincter injury[36]. The vast majority of  patients who 
undergo sphincteroplasty have a history of  vaginal de-
livery[37]. However, only about one third of  women who 
have had a known sphincter injury related to vaginal 
delivery develop fecal incontinence over time[36]. Puden-
dal nerve injury, failed prior sphincteroplasty, multiple 
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Table 1  Success of biofeedback for fecal incontinence

Ref. Year Patients (n ) Significant reduction in incontinence 
(percentage of patients)

Improvement in quality of 
life (percentage of patients)

Adjuncts to traditional biofeedback

Keck et al[33] 1994   15 73% NR None
Solomon et al[28] 2003 102 70%   69% Anal manometry, transanal ultrasound
Terra et al[34] 2006 239 60% NR EMG, electrostimulation
Naimy et al[30] 2007   49 None None Electrostimulation
Byrne et al[32] 2007 385 70%   87% None
Heymen et al[27] 2009   45 76% NR None
Schwandner et al[29] 2010 158 50% NR EMG, electrostimulation
Bartlett et al[26] 2011   72 86% 100% None
Jodorkovsky et al[31] 2013   12 80% NR None

NR: Not reported; EMG: Electromyography.
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A similar technique is used as in the anterior technique, 
with a curvilinear posterior incision being used for ac-
cess to the external anal sphincter. Some surgeons may 
proceed with a combined anterior and postanal approach, 
though this combination is not common. The success 
rate of  the postanal approach is likely equivalent or less 
durable compared to anterior sphincteroplasty[47,48]. In the 
absence of  a specific iatrogenic posterior sphincter injury 
or excessive anterior scar tissue, the anterior sphinctero-
plasty should be considered the preferred approach.

The long term functional outcomes following anal 
sphincteroplasty are not ideal. The Wexner fecal inconti-
nence score is commonly used to assess for incontinence 
following sphincteroplasty. In the short term, good 
results are achieved in over 70% of  patients and excel-
lent results in over half  of  patients[49]. However, the long 
term outcomes which have been reported in numerous 
retrospective studies reveal a consistent decrease to 15% 
to 60% good long term continence[39-40,50-56]. Interestingly, 
there is poor correlation between long term quality of  life 
scores and fecal incontinence scores, with one study re-
porting that 95% of  patients were satisfied with their op-
eration a mean of  7 years following sphincteroplasty[39,53]. 
A summary of  long term outcomes is found in Table 2. 
Age has long been felt to be a predictor of  success of  
sphincteroplasty, with many studies reporting that older 
patients do not have as durable long term outcomes com-
pared to younger patients[39,53,56]. However, a recent large 
review of  321 women who underwent sphincteroplasty 
showed that age is not a predictor of  long term inconti-
nence scores[57]. A review of  both sphincteroplasty and 
sacral nerve stimulation concluded that sphincteroplasty 
remains a good option for the management of  incon-
tinence due to sphincter defect, despite new technolo-
gies[58]. Patients must be chosen after appropriate pre-
operative evaluation to achieve optimal outcomes.

STIMULATION
Sacral nerve stimulation
For many patients and practitioners, sacral nerve stimu-
lation has revolutionized the treatment of  moderate to 
severe fecal incontinence. Adapted from its use in urinary 
incontinence, it may provide effective relief  from fecal 
incontinence without any direct intervention on the anal 
sphincter complex. Interestingly, one study found that 
the only positive predictors of  successful treatment with 
sacral nerve stimulation were loose stools and low stimu-
lation intensity during the test phase of  the procedure[59]. 
Conversely, age, gender, etiology of  fecal incontinence, 
and physiology study results did not impact the efficacy 
of  sacral nerve stimulation[59]. Though sacral nerve stimu-
lation and sphincteroplasty have not been directly com-
pared in the literature, numerous studies have shown that 
patients with sphincter defects can have excellent results 
with sacral nerve stimulation[60-64]. The success of  sacral 
nerve stimulation in these patients also does not appear 
to be correlated to the degree of  sphincter defect[63]. Pa-

vaginal deliveries, history of  third of  fourth degree tear, 
and instrument-assisted vaginal deliveries are all factors 
which may predispose to fecal incontinence associated 
with sphincter defect and impact the success of  sphinc-
teroplasty[38]. It is important to note that the majority 
of  recent studies indicate that pudendal nerve injury as 
demonstrated by prolonged pudendal nerve terminal mo-
tor latency does not independently predict the success of  
sphincteroplasty[39-41]. Many women who undergo sphinc-
teroplasty have associated pelvic floor injuries, which do 
not seem to impact the success of  sphincteroplasty[42]. In 
addition, the combination of  internal and external anal 
sphincter defect repair can lead to successful and equiva-
lent outcomes when compared to external anal sphincter 
defect repair, alone[43].

While various techniques for sphincteroplasty have 
been described, the most commonly performed proce-
dure is the anterior overlapping sphincteroplasty. A cur-
vilinear incision is made on the perineum and dissection 
proceeds until the edges of  the external anal sphincter 
are identified and isolated. Care is taken to not dissect 
too far laterally to avoid nerve injury. The ends are over-
lapped and sutured together, providing new bulk to the 
sphincter complex and an intact circumferential ring of  
sphincter. Separate attention to the imbrication of  the in-
ternal anal sphincter does not seem to add to the overall 
durability of  the sphincteroplasty if  the internal sphincter 
is not injured[44]. Post-operative manometry shows signifi-
cant increases in the length of  the high pressure zone and 
resting and squeeze pressures[37]. A diverting stoma is not 
required to achieve optimal outcomes in early repair of  
third and fourth degree tears during vaginal delivery[45]. 
Delayed repair is associated with higher overall cost in 
this situation, but may still achieve good long term out-
comes and may be the safer option depending on the 
clinical scenario[45,46]. 

Posterior sphincter repair is rarely needed, given that 
most sphincter injuries are associated with traumatic vagi-
nal delivery. However, posterior repair may be occasion-
ally utilized for neurogenic fecal incontinence, multifocal 
sphincter defects, or after failed anterior sphincteroplasty 
in order to avoid any significant scar tissue in the area. 

Table 2  Success of overlapping sphincteroplasty

Ref. Year No. of patients 
with follow-up

Mean 
follow-up 

(mo)

Success1 
(percentage of 

patients)

Karoui et al[52] 2000   74   40 28%
Halverson et al[40] 2002   49   69 46%
Bravo Gutierrez 
et al[39]

2004 130 120 41%

Barisic et al[49] 2006   65   80 48%
Maslekar et al[55] 2007   64   84 80%
Oom et al[50] 2009 120 111 60%
Mevik et al[51] 2009   25   84 53%
Zutshi et al[53] 2009   31 129   0%

1Success variably defined in studies. Good, excellent or complete conti-
nence included as success.

Van Koughnett JAM et al . Management options for fecal incontinence



9220 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

tients known to have pudendal nerve injuries or previous 
sphincteroplasty can have good responses to sacral nerve 
stimulation[64].

The mechanism by which sacral nerve stimulation 
improves fecal incontinence is not well defined, as it 
is multifactorial. A systematic review found that sacral 
nerve stimulation likely works in 3 ways: stimulation of  a 
somato-visceral reflex, direct effect on the anal sphincter 
complex, and afferent nerve modulation[65]. It is postu-
lated that sacral nerve stimulation may induce a change in 
anal sphincter muscle type from fast to slow twitch, thus 
reducing muscle fatigue, though this has not been defini-
tively demonstrated in the sacral nerve stimulation popu-
lation[66]. Sensory changes include the sensation of  rectal 
filling and urge to defecate at higher rectal volume[67]. 
Sacral nerve stimulation alters colonic transit by inducing 
retrograde colonic propagating sequences, activity which 
may slow transit in the setting of  fecal incontinence[68]. 
In an animal model, sacral nerve stimulation was found 
to increase activity in the central cerebral cortex[69]. The 
effects of  sacral nerve stimulation are well beyond local 
effect on the anal sphincter complex.

There are two approaches to the implantation of  
the sacral nerve stimulator. Some surgeons introduce a 
peripheral nerve stimulator wire in the office, guided by 
anatomical landmarks. The patient is tested for response 
for a period of  1-2 wk and if  good response is achieved, 
the permanent tined lead and stimulator device are im-
planted in the same setting in the operating room. The 
authors’ preferred approach is a two-stage operative tech-
nique. The first stage is the insertion of  the tined lead 
into the S3 foramen in the operating room with careful 
fluoroscopic and patient-directed guidance. Local anes-
thetic injections and light sedation allow the patient to 
signal when stimulation is felt in the perianal, perineal, or 
saddle regions during lead electrostimulation. In addition, 
sphincter bellows and plantar flexion of  the great toe on 
the side of  lead placement are used to further indication 
stimulation of  the sacral nerve. Once a good response 

is achieved the lead is tunneled into position. A tempo-
rary device is used during a 2 wk test phase. If  a good 
response is achieved during the test phase, the patient 
undergoes a second procedure to implant the permanent 
device which is attached to the tined lead. This approach 
is associated with very little lead migration during the 
test phase but does require two operations. A test phase 
is important in both approaches, as not all patients will 
have a good response to lead placement[70]. Each perma-
nent device is programmed to the individual’s response 
pattern. Successful strategies to prolong the durability of  
the device battery beyond the average of  six years include 
cyclical stimulation and subsensory stimulation[71,72].

Results of  the first randomized multi-center study of  
sacral nerve stimulation were reported in 2005, showing 
that fecal incontinence was improved when the sacral 
nerve stimulator was activated[73]. Longer term results 
are now available. Compared to medical treatment of  fe-
cal incontinence, sacral nerve stimulation is significantly 
more effective[74]. A recent report from the SNS Study 
Group showed that in patients followed for at least 5 
years, 89% have significant continued reduction in fe-
cal incontinence and 36% had a complete response to 
sacral nerve stimulation[75]. Numerous other studies from 
around the world have demonstrated significant long 
term reduction in fecal incontinence scores[75-79]. Table 3 
summarizes the results of  studies of  outcomes of  sacral 
nerve stimulation. Furthermore, in women who have un-
dergone sacral nerve stimulation for fecal incontinence; 
urinary, sexual, and vaginal symptoms also improve with 
a global benefit on pelvic floor health[80]. Quality of  life 
scores are also improved in the short and long term after 
sacral nerve stimulation[79,81-84]. 

There are potential morbidities with sacral nerve stim-
ulation including a 5% risk of  lead displacement associat-
ed with the percutaneous lead testing technique[85]. Pain at 
the surgical site and paresthesias are the most commonly 
reported complaints[81]. Infection of  the permanent device 
or surgical site occurs in 10%, with about half  of  those 
infections requiring surgical management[81,85]. Overall, 
about one third of  patients required surgical manipulation 
of  the device in a study of  long term outcomes[75]. De-
spite potential morbidity associated with the device, sacral 
nerve stimulation has been shown to be cost-effective in 
the treatment of  fecal incontinence[86,87]. When balancing 
the effectiveness, morbidity profile, and cost-effectiveness 
of  the technique, sacral nerve stimulation is a very valu-
able tool for the treatment of  fecal incontinence, espe-
cially in its more severe forms.

REPLACEMENT
Artificial bowel sphincter
The artificial bowel sphincter is considered only for pa-
tients with severe fecal incontinence. It is an effective 
device, but requires long term follow up and a motivated 
patient. The use of  an artificial bowel sphincter requires 
both manual dexterity and mental capacity to operate the 
device[88]. Due to the high incidence of  adverse events, 

Table 3  Studies of outcomes of sacral nerve stimulation

Ref. Year Patients 
(n )

Significant reduction 
in incontinence 

scores and 
incontinent episodes

Significant 
increase in 

quality of life

Leroi et al[73] 2005 27 Y Y
Boyle et al[63] 2009 15 Y NR
Brouwer et al[64] 2010 55 Y Y
Wexner et al[79] 2010 120 Y Y
Hollingshead 
et al[76]

2011 18 Y NR

Lim et al[78] 2011 41 Y Y
Mellgren et al[81] 2011 83 Y Y
George et al[77] 2012 23 Y Y
Devroede 
et al[83]

2012 78 Y Y

Hull et al[75] 2013 76 Y Y
Damon et al[82] 2013 92 Y Y

Y: Yes; NR: Not reported.
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other treatment options should be considered and at-
tempted before proceeding to artificial bowel sphincter[89]. 
Contraindications include Crohn’s disease, local sepsis, 
prior radiation, poor quality of  the perineal tissues, severe 
constipation, and incontinence associated irritable bowel 
syndrome[89]. Disruption of  the anal sphincter complex 
due to trauma, severe obstetrical injury, and imperforate 
anus are common indications[89,90]. Sacral nerve stimula-
tion and the artificial bowel sphincter have largely re-
placed muscle transposition and dynamic graciloplasty for 
the treatment of  severe fecal incontinence, with better 
functional outcomes and quality of  life parameters[91,92]. 
Patients must be carefully selected and extensively coun-
selled on the risks and benefits of  the artificial bowel 
sphincter, as discussed below.

Meticulous sterile technique and thorough bowel 
preparation are essential to reduce the risk of  infection 
associated with the artificial bowel sphincter. The 3 com-
ponents of  the artificial bowel sphincter are connected 
via tubing and compose the sphincter cuff, the reservoir 
balloon, and control pump. These components are in-
serted via perineal, Pfannenstiel, and labial or scrotal inci-
sions, respectively. The cuff  itself  is chosen for size based 
on circumferential length around the rectum and width. 
It is inserted first and great care is taken to ensure there 
is adequate tissue bulk distal to the cuff, in an attempt to 
avoid device erosion and infection. The balloon holds ap-
proximately 40 mL of  liquid and is left filled with the de-
vice deflated at the end of  the procedure after testing the 
control pump. The device is not activated for four to six 
weeks to allow for complete healing. The patient is taught 
how to fill and empty the cuff  by using the implanted 
control pump.

Patients who retain the artificial bowel sphincter long 
term have reported very good functional and qualitative 
results. Manometry results show that the artificial bowel 
sphincter achieves normal resting tone when the cuff  is 
filled[93]. Improved continence is achieved in over 75% 
of  patients, with one series reporting normal continence 
in two-thirds of  patients[94,95]. Though adverse events are 

significant, patients who retain the device have excel-
lent responses to artificial bowel sphincter implantation 
based on incontinence scores[93-100]. Quality of  life scores 
are also markedly improved after successful treatment 
of  fecal incontinence with the artificial bowel sphinc-
ter[96,98,99,101]. A systematic review of  the safety of  the arti-
ficial bowel sphincter noted that functional outcomes and 
quality of  life scores for those patients who do not retain 
a functioning device are not reported in the literature[102]. 

Complications following artificial bowel sphincter 
implantation unfortunately remain high and often lead 
to device explantation, mitigating the overall popula-
tion benefit in fecal incontinence. Unfortunately, these 
complications continue to accrue long term[90]. The rate 
of  revision of  the device has been reported to be up to 
50%, with infection and device failure the most common 
reasons[100]. About 25%-40% of  artificial bowel sphinc-
ters become infected over time[90,100,103]. Erosion of  the 
cuff  or control pump and post-operative constipation 
may also occur[92,104,105]. The outcomes and complications 
associated with the artificial bowel sphincter are included 
in Table 4. In summary, a balanced consideration of  
potential benefits and adverse events is important and 
artificial bowel sphincter may still be the optimal treat-
ment consideration for select patients with severe fecal 
incontinence.

Muscle transposition
Muscle transposition is a technique used to physically 
replace the sphincter with in vivo muscle bulk. It is most 
often used in the setting of  a traumatic or iatrogenic 
disruption of  the anal sphincters to recreate a wrap of  
muscle around the anus. A substantial congenital or post-
traumatic defect is indicated to consider muscle transpo-
sition. The two muscles widely described in the literature 
for transposition are the gluteus maximus and gracilis 
muscles. These are useful because of  their proximity to 
the anus, sizeable muscle bulk, and nerve locations which 
are amenable to preservation upon transposition. In ad-
dition, the gluteus maximus was thought to be a good 

Table 4  Outcomes of artificial bowel sphincter

Ref. Year Patients (n ) Explanted devices 
(n )

Success (percentage of 
patients), intention to treat

Complications

Lehur et al[93] 2000   24   7 83% Obstructed defecation
Altomare et al[94] 2001   28   3 75% Obstructed defecation, infection, device erosion
Devesa et al[95] 2002   53 10 65% Perforation, infection, sepsis, device erosion, 

pain, impaction
Wong et al[97] 2002 112 41 53% Infection, pain
Lehur et al[101] 2002   16   4 69% Erosion
Parker et al[96] 2003   45 18 49% Infection, pain
O’Brien et al[98] 2004   14   1 NR as percentage Obstructed defecation, non-healing of wound
Melenhorst et al[103] 2008   33   7 NR as percentage Pain, perforation, infection, obstructed defeca-

tion
Ruiz Carmona et al[99] 2009   17 11 53% Infection, erosion
Wexner et al[90] 2009   51 31 NR as percentage Infection, malfunction, erosion, pain
Wong et al[100] 2011   52 14 67% Perforation, cuff leak

NR: Not reported. 
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choice for transposition given that involuntary gluteal 
contraction occurs with the strong urge to avoid involun-
tary defecation[106].

The surgical technique of  muscle transposition is 
complex and requires significant experience to gain ex-
pertise. Three main options exist: gluteoplasty, gracilo-
plasty, and dynamic (or stimulated) graciloplasty. Gluteo-
plasty is performed with the patient in the prone position 
with the table flexed at the hips. Bilateral incisions over 
the gluteus are made and two tongues (one from each 
side) of  the lower 10% of  the muscle are raised with 
care taken to preserve the neurovascular bundles[106]. The 
mobilized muscle is then tunnelled and delivered through 
separate bilateral curvilinear incisions around the anus. 
The contralateral mobilized segments are sutured togeth-
er to create a ring of  muscle. 

In a graciloplasty procedure, the patient is placed in 
the modified lithotomy position. Two or three incisions 
are made along the longitudinal access of  the gracilis 
muscle on the chosen side to harvest the entire length 
of  the gracilis. The neurovascular bundle is preserved 
through its identification during medial dissection. The 
muscle is released distally and tunneled medially. A peri-
neal incision is made and the gracilis is wrapped circum-
ferentially around the anus. In the dynamic graciloplasty 
technique, an electrode is placed in the gracilis muscle and 
an implantable device similar to that used for sacral nerve 
stimulation is implanted in the abdominal wall. Modified 
approaches to dynamic graciloplasty include temporary 
stimulation with an external stimulator for muscle re-
training, similar to biofeedback[107]. It must be noted that 
the stimulator and leads for dynamic graciloplasty are not 
currently approved for use in North America.

Much like the artificial bowel sphincter, muscle trans-
position has fairly good functional outcomes but high 
rates of  complications and re-operation; graciloplasty 
has largely replaced gluteoplasty. The largest and most 
recent study of  gluteoplasty reported a good functional 
outcome in 59% of  patients[108]. Successful functional 
outcomes for gracilplasty, dynamic and unstimulated, 
is consistently reported to be about 60%-75%, with 
earlier success of  unstimulated graciloplasty being even 
higher[107-114]. Table 5 lists the published success rates of  
graciloplasty. If  a patient has a stoma at the time of  the 
graciloplasty, eventual outcomes are equivalent to those 

who do not have a stoma, but are delayed in achieving 
them[110]. Complications of  the procedure are common, 
and include surgical site infections, pain, rectal injury, and 
erosion of  the device in the case of  dynamic graciloplas-
ty[112,115,116]. In addition, constipation due to obstructed 
defecation is commonly reported in as many as 50% 
of  patients[115-117]. There are no studies directly compar-
ing muscle transfer to other surgical treatments of  fecal 
incontinence. Graciloplasty followed by artificial bowel 
sphincter implantation may be the best combination op-
tion for adult patients with fecal incontinence attributable 
to congenital imperforate anus[118].

DIVERSION
Antegrade continence enema
The antegrade continence enema was first described by 
Malone et al[119] in 1990. It is used to control fecal soiling 
in both adults and children, but is most commonly used 
and reported in the pediatric population. Neurogenic 
conditions, such as spina bifida, resulting in neurogenic 
bowel and urinary symptoms are the most common indi-
cations in children. While the antegrade continence ene-
ma may be helpful in pure fecal incontinence, most often 
patients who undergo this procedure have the combina-
tion of  constipation or colonic dysmotility with associ-
ated overflow fecal incontinence. Patients also commonly 
undergo urological procedures at the same time to con-
trol neurogenic bladder symptoms, with good results for 
these combined indications[120]. In adults, good functional 
outcomes are better in this setting, when compared to 
those patients who undergo the procedure for constipa-
tion alone[121]. While an antegrade continence enema does 
not alter anorectal physiology or anatomy, it provides a 
mechanism to empty the colon in a controlled fashion, 
allowing the patient to perform their daily activities with 
little worry of  fecal soiling or incontinent episodes.

Since Malone’s original description, various techniques 
have been described for the creation of  an antegrade 
continence enema. The appendix, ileum, cecum, and left 
colon may be used successfully as the access point for 
irrigation[122-124]. The appendix is most commonly used, 
where it is inverted and fixated to the skin at the umbili-
cus or right lower quadrant. This can be performed open 
or laparoscopically with good results[124]. The access point 
is left intubated with a catheter for about 3 wk after the 
operation before intermittent intubations begin. Patients 
or their caregivers then intubate the bowel daily to every 
few days and perform colonic irrigation with tap water or 
an electrolyte or bowel cleansing solution. Both tap water 
and commercial products have good irrigation results, 
with solution irrigants achieving slightly better conti-
nence rates[125]. The volume of  irrigation is gradually in-
creased over time after the procedure and the timing and 
frequency of  irrigation through the site may be largely 
patient directed. In the pediatric patient population, the 
operation is performed around the age of  10 years.

Few studies report on outcomes of  antegrade con-

Table 5  Outcomes of graciloplasty

Ref. Year Type of 
graciloplasty

Patients 
(n )

Success 
(percentage of 

patients)

Kumar et al[114] 1995 Unstimulated     9 100%
Eccersley et al[113] 1999 Unstimulated     8 100%
Madoff et al[109] 1999 Stimulated 128   66%
Wexner et al[110] 2002 Stimulated 115   62%
Bresler et al[112] 2002 Stimulated   24   79%
Rongen et al[111] 2003 Stimulated 200   72%
Thornton et al[117] 2004 Stimulated   38   73%
Hassan et al[107] 2010 Stimulated   31   71%
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tinence enemas in adults. Overall, functional results are 
very good, with about 75% of  adults achieving conti-
nence with the procedure[126-128]. Quality of  life improves 
in adult patients with antegrade continence enemas, 
although not all patients continue to use their antegrade 
continence enema in the long term[127,128]. See Table 6 for 
a summary of  antegrade continence enema study results. 
In children, full continence is achieved in 65%-100% of  
patients[122,125,129-133]. Even though the amount of  time de-
voted to bowel care may not significantly change, satisfac-
tion and quality of  life scores improve for most children 
and parents[131,134-137]. Persistent leakage, stoma stenosis, 
and surgical site infections are common complications, 
with one study quoting a 13% chance of  requiring stoma 
revision due to stoma complications[130,131,138]. While the 
antegrade continence enema is not commonly performed 
in adults, the patients who have grown to adulthood re-
quire long term follow up and attention to these possible 
complications.

Fecal diversion
The creation of  a colostomy or ileostomy provides de-
finitive control of  fecal incontinence. An ileostomy may 
be considered in patients with colonic transit abnormali-
ties but the colostomy is the standard ostomy utilized in 
the treatment of  fecal incontinence. In many patients the 
ostomy can be created using a laparoscopic approach to 
improve recovery time. While a colostomy is not without 
short and long term risks, such as bleeding, anesthesia 
related cardiac or respiratory morbidities, and parasto-
mal hernia, it is a safe and effective treatment of  severe 
fecal incontinence. It is generally only offered if  other 
treatment modalities have failed. Patients are usually un-
derstandably very resistant to the idea of  a permanent 
colostomy, fearing it will be difficult to manage and have 
great impact on self-image and social interactions.

When patients who had undergone colostomy cre-
ation for fecal incontinence were surveyed, general quality 
of  life and fecal incontinence quality of  life scores were 
actually higher in the colostomy group when compared to 
other patients with fecal incontinence[139]. Another study 
found that patients generally reported high satisfaction 
levels with their stomas for fecal incontinence, with over 
80% of  patients stating that they would likely or definitely 
choose to undergo the procedure again[140]. Compared to 
other surgical treatments of  sever incontinence (dynamic 

graciloplasty and artificial bowel sphincters), a British 
study found colostomy to be most cost effective in terms 
of  quality adjusted life years[92]. While fecal diversion is 
not required in the majority of  patients presenting for 
treatment of  fecal incontinence, it is a viable, definitive, 
and well-tolerated treatment which offers good quality of  
life.

AUGMENTATION
Radiofrequency energy
There is a gap between medical and surgical treatment 
options in fecal incontinence[141]. Radiofrequency energy 
delivery and injectable materials are becoming increas-
ingly popular as minimally invasive procedural treatments 
that may bridge this gap. The delivery of  radiofrequency 
energy to the internal anal sphincter, known as the 
SECCA® procedure, is proposed to induce local restruc-
turing of  collagen, leading to a more robust internal anal 
sphincter and better continence. It can be used for pa-
tients with mild or moderate fecal incontinence who are 
unwilling or not candidates to undergo surgical treatment 
after failing medical management. It may also be applied 
to patients with idiopathic or sphincter defect-associated 
fecal incontinence. 

The technique of  radiofrequency energy delivery 
is simple. It is done with conscious sedation and local 
anesthesia on an outpatient basis in endoscopy or the 
operating room. A commercial device is utilized and the 
procedure takes about 30 min. The device resembles a 
clear plastic anoscope with four retractable needles. The 
needles are electrodes which are deployed into the ano-
rectal mucosa to deliver radiofrequency energy to the in-
ternal anal sphincter, starting just distal to the dentate line 
and moving proximally. The device delivers radiofrequen-
cy while simultaneously monitoring the temperature and 
impedance of  the tissues to avoid burning. The device is 
activated four or five times per quadrant of  the anorec-
tum, moving 5 mm more proximal before each activation 
in a quadrant. The machine provides constant feedback 
on the contact with the tissues, temperature and imped-
ance during the device activation, and the timing of  each 
activation, giving visual and sound cues to the surgeon 

Table 6  Outcomes of antegrade continence enema in 
incontinent adults

Ref. Year Patients using 
antegrade 

continence enema 
on follow-up

Percentage 
of patients 
achieving 

continence

Complication 
rate

Gerharz et al[121] 1997   8 100% 44%
Teichman et al[120] 1998   7   86% 71%
Teichman et al[128] 2003   4   75% 67%
Lefevre et al[127] 2006 18   94% 33%
Poirier et al[126] 2007 14   78% 67%

Table 7  Outcomes of radiofrequency energy treatments

Ref. Year Patients 
(n )

Significant 
improvement in 

incontinence scores 
after treatment

Significant 
improvement 
in quality of 

life 

Efron et al[143] 2003 50 Y Y
Felt-Bersma et al[147] 2007 11 Y NR
Takahashi-Monroy 
et al[142]

2008 19 Y Y

Lefebure et al[144] 2008 15 Y N
Kim et al[148] 2009   8 N N
Ruiz et al[145] 2010 24 Y Y
Abbas et al[146] 2012 27 Y NR

Y: Yes; N: No; NR: Not reported.
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throughout the procedure.
Reports of  the success of  radiofrequency energy 

treatment are generally, though not universally, positive 
and are summarized in Table 7. Numerous studies have 
reported long term improvement in fecal incontinence 
scores[142-145]. The cohort with the longest reported 
follow-up showed a durable reduction in mean Wexner 
fecal incontinence scores from 14 to 8 and found that 
most participants had a greater than 50% improvement 
in symptoms after 5 years[142]. Similarly, patient satisfac-
tion and quality of  life scores show improvement after 
radiofrequency energy treatment[142-145]. Another study 
with a higher average baseline fecal incontinence score 
compared to other trials found that only 22% of  patients 
had sustained treatment benefits at an average follow up 
of  40 mo[146]. Despite the overall favorable outcomes of  
radiofrequency energy delivery, anal manometry testing 
does not show any significant change in physiologic pa-
rameters[143,147,148]. No major adverse events have been re-
ported following radiofrequency energy delivery, though 
there have been reports of  infection, hematoma, minor 
bleeding, and anal pain[145,147,148].

Injectable materials
Various injectable materials have included trialed for 
local injection of  the sphincter complex to treat fecal 
incontinence. Benefits of  this approach are that it is an 
outpatient procedure with little discomfort that has low 
morbidity. The materials used have included collagen, 
silicone, autologous fat, glutaraldehyde, carbon-coated 
beads, dextranomer in hyaluronic acid gel, and others[149]. 
Dextranomer in hyaluronic acid gel (NASA/Dx) has re-
ceived the most extensive recent investigation and atten-
tion in the literature. Injectables may be used in patients 
who have failed medical treatment and have fecal leakage 
or mild to moderate fecal incontinence[149]. The bulking 
effect may not be permanent and may require repeat in-
jections at subsequent office visits.

The technique of  injection is relatively simple. The 
open-label multicenter trial of  NASHA/Dx involved 
four quadrant injections of  1 mL of  NASA/Dx into 
the deep submucosa of  the anal canal[148]. This was per-
formed through an anoscope and done with the patient 
in the prone jack-knife or lithotomy positions. The injec-
tions were placed at a 30 degree angle 5-10 mm proximal 
to the dentate line[150]. The needle was kept in place for 

up to 30 s so that the gel would not leak from the site[150]. 
There are very few comparative trials amongst injectable 
materials. A small study of  40 patients found that silicone 
was more effective than carbon-coated beads to reduce 
incontinence[151]. No published studies have compared 
NASHA/Dx with other injectables. One randomized 
controlled trials comparing NASHA/Dx to biofeedback 
and found no significant difference in functional out-
comes[152]. Biofeedback, however, certainly requires more 
dedication and long term commitment from the patient. 
The effect of  injectables on manometry parameters are 
an increase in the length of  the high pressure zone and 
asymmetry index[153]. The impact on resting pressure is 
variable in the literature, ranging from improvements in 
resting pressure to no effect[153,154].

There are no long term outcomes reported yet for 
NASHA/Dx, the most popular injectable. The longest 
reported outcomes are at 2 years[155,156]. A Cochrane re-
view published in 2013 noted the absence of  long term 
studies, making definitive conclusions about the utility 
of  injectables difficult[157]. See Table 8 for a summary of  
cohort studies investigating the utility of  NASHA/Dx 
gel. A good response is considered a 50% reduction in 
the number of  reported incontinence episodes, which 
is reported to occur in over 50% of  patients who have 
been treated with injectables[150,154,156,158-161]. In addition, 
the majority of  patients have good quality of  life im-
provement, as reported on both global quality of  life and 
fecal incontinence quality of  life scores[150,155,156,158]. Mor-
bidity from the use of  injectables is low, with fever and 
proctalgia being the two most common adverse events 
and bleeding, abscess, and pain being other rare reported 
events[150,156,160,161]. Though many patients with fecal incon-
tinence may be candidates for the use of  injectables, the 
ideal candidate is one who has seepage or mild to moder-
ate incontinence who has failed medical management but 
is not yet ready to pursue surgical treatment. Prior use of  
an injectable such as NASHA/Dx does not preclude fu-
ture surgical treatments such as sacral nerve stimulation, 
sphincteroplasty or artificial bowel sphincter.

CONCLUSION
Successful treatment of  fecal incontinence requires care-
ful consideration of  the individual patient’s severity of  in-
continence. Treatments range from inexpensive medica-
tions and physical therapy to complex surgical procedures 
such as artificial bowel sphincter implantation and muscle 
transposition. In general, more invasive treatments are 
required for more severe incontinence or after less inva-
sive treatments have failed. A careful history including 
obtaining an incontinence score, physical examination, 
bowel diary, and adjunctive anal physiology tests should 
be utilized to define the nature of  the fecal incontinence. 
Minimally invasive approaches including biofeedback, ra-
diofrequency energy, and injectables have moderate long 
term success. Sphincteroplasty remains an acceptable op-
tion for patients with documented sphincter defects. Be-

Table 8  Outcomes of dextranomer in hyaluronic acid gel for 
fecal incontinence

Ref. Year Patients 
(n )

> 50% reduction 
in fecal incontinence 
episodes (percentage 

of patients)

Significant 
quality of life 
improvement

Dodi et al[150] 2010 115 64% Yes
Graf et al[161] 2011 136 52% Yes
Schwandner et al[159] 2011 21 56% Yes
Danielson et al[160] 2012 34 76% Yes
La Torre et al[156] 2013 83 63% Yes
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cause initially adequate functional outcomes decline over 
time, quality of  life improvement after sphincteroplasty is 
not robust long-term. Sacral nerve stimulation is very ef-
fective in managing moderate to severe fecal incontinence 
and has had a great impact on the treatment of  fecal 
incontinence. In the very long-term, patients will require 
additional procedures to change the battery of  the sacral 
nerve stimulator but the procedure has excellent repro-
ducible long term functional and quality of  life outcomes. 
The artificial bowel sphincter has similar outcomes in 
those patients who retain the device, but further studies 
aimed at reducing infection, erosion, and device failure 
must be undertaken. Fecal diversion remains a good op-
tion for severe fecal incontinence and actually provides 
the patient with satisfying quality of  life. Knowledge of  
these currently used treatments is essential to honest and 
thorough counseling of  the patient with fecal inconti-
nence to improve treatment success. Together with the 
patient, the surgeon can then best select treatment from 
the five available categories of  repair, replacement, aug-
mentation, stimulation, and diversion.
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Abstract
Sleep disorders have become a global issue, and dis-
covering their causes and consequences are the focus 
of many research endeavors. An estimated 70 million 
Americans suffer from some form of sleep disorder. 
Certain sleep disorders have been shown to cause neu-
rocognitive impairment such as decreased cognitive 
ability, slower response times and performance detri-
ments. Recent research suggests that individuals with 
sleep abnormalities are also at greater risk of serious 
adverse health, economic consequences, and most im-
portantly increased all-cause mortality. Several research 
studies support the associations among sleep, immune 
function and inflammation. Here, we review the cur-
rent research linking sleep, immune function, and gas-

trointestinal diseases and discuss the interdependent 
relationship between sleep and these gastrointestinal 
disorders. Different physiologic processes including im-
mune system and inflammatory cytokines help regulate 
the sleep. The inflammatory cytokines such as tumor 
necrosis factor, interleukin-1 (IL-1), and IL-6 have been 
shown to be a significant contributor of sleep distur-
bances. On the other hand, sleep disturbances such 
as sleep deprivation have been shown to up regulate 
these inflammatory cytokines. Alterations in these cyto-
kine levels have been demonstrated in certain gastroin-
testinal diseases such as inflammatory bowel disease, 
gastro-esophageal reflux, liver disorders and colorectal 
cancer. In turn, abnormal sleep brought on by these 
diseases is shown to contribute to the severity of these 
same gastrointestinal diseases. Knowledge of these 
relationships will allow gastroenterologists a great op-
portunity to enhance the care of their patients.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Sleep; immune function; immunity; irritable 
bowel syndrome; inflammatory bowel disease; Gastro-
esophageal reflux disease; liver disorders; colon can-
cer; circadian rhythm

Core tip: Sleep disorders have become a global issue, 
and discovering their causes and consequences are the 
focus of many research endeavors. Recent research 
suggests that individuals with sleep abnormalities are at 
greater risk of all-cause mortality and serious adverse 
health and economic consequences. Several studies sup-
port the associations among sleep, immune function and 
inflammation. We review the current research linking 
sleep, immune function, and gastrointestinal diseases 
and discuss the interdependent relationship between 
sleep, overall immune function with emphasis on inflam-
matory bowel disease, irritable bowel syndrome, gastro-
esophageal reflux and colorectal cancer.
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INTRODUCTION
Research into sleep and its associated health abnormali-
ties has had a relatively recent surge, and sleep quality has 
been shown in many investigations to be an important, if  
not essential element of  good health[1-3]. Sleep disorders 
can be primary, secondary or behavioral. Primary disor-
ders are related to neurologic defects like narcolepsy and 
restless leg syndrome, breathing problems like obstructive 
sleep apnea and central sleep apnea, or circadian rhythm 
abnormalities like jet lag and delayed sleep phase syn-
drome. Secondary sleep disorders are secondary to pri-
mary diseases such as depression, chronic illness etc. Be-
havioral sleep problems such as insomnia or insufficient 
sleep are caused or perpetuated by poor sleep hygiene.

Sleep disorders have become a global issue. Sleep 
abnormalities occur in 17%-22% Japanese[4,5], while sleep 
disorders are estimated to range from 7% to 50% in 
people living in Portugal and Finland[6-8]. In the United 
States, more than 70 million people suffer from a sleep 
disorder, and modern lifestyles have led to Americans 
sleeping approximately 2 h less per night than 100 years 
ago[4,7,9]. Abnormalities in the sleep cycle are linked with 
neurocognitive consequences ranging from performance 
decrements, slower response times, and decreased cogni-
tive ability[10].

Receiving fewer hours of  sleep may also impact me-
tabolism in a manner that contributes to obesity[10]. A 
strong association has been found between disruption in 
sleep and gastrointestinal disease. We will review the in-
terdependent relationship of  sleep dysfunction and gas-
trointestinal issues including inflammatory bowel disease 
(IBD), irritable bowel syndrome (IBS), gastro-esophageal 
reflux disease (GERD), liver disorders and colon can-
cer. Sleep abnormalities have been shown to worsen 
symptoms of  IBS, IBD and GERD which, in turn, can 
worsen sleep abnormalities. Sleep disorders and circadian 
dysfunction have also been shown to increase the risk of  
colon cancer.

HUMAN SLEEP
Sleep is classified based on polysomnographic data into 
two main categories known as rapid eye movement (REM) 
sleep and non-REM (NREM) sleep. NREM sleep is fur-
ther divided into three stages based on increasing depths 
of  sleep and increasing arousal thresholds. These sleep 
stages cycle through REM and NREM approximately 
every 90 min[11]. More time is spent in slow-wave delta 
sleep each cycle during the first half  of  the night, with 
increasing time in REM sleep in the later portions of  the 

night. Humans spend around 25% of  total sleep time in 
REM sleep[12]. The exact biological purpose of  sleep is 
unknown.  However, slow-wave sleep is thought to be 
restorative, restful sleep, and REM sleep is associated 
with dream recall and memory consolidation[13]. Although 
the ideal quantity of  sleep is different among individuals, 
most studies recommend seven to eight hours a night 
for adults as an optimal amount of  sleep[14]. Alterations 
in normal sleep patterns are thought to be a significant 
contributor to a vast array of  illness including depression, 
metabolic syndrome, inflammation, gastrointestinal dis-
eases, and also cancer[15,16].

REGULATION OF SLEEP
Sleep regulation is often described by a two process 
model[17]. Process S, or the sleep homeostatic drive, lin-
early increases the longer an individual stays awake[18]. 
Process C, or the circadian alerting drive, oscillates with 
body temperature on an approximate 24-h cycle[15,18]. 
During the later hours of  the day, Process C enters its 
decline in the circadian pattern, and Process S has ac-
cumulated approximately 16 h of  continuous wakeful-
ness. The combination of  declining alertness and a suf-
ficient amount of  prior wakefulness facilitates the onset 
of  sleep[18]. Biological clocks have evolved based on a 
24-h cycle that allow organisms to anticipate and physi-
ologically adjust to daily environmental changes and this 
circadian system provides a temporal organization of  
waking and sleep[15,19]. The circadian clock is entrained or 
synchronized to the specific day-night cycle (phase) of  
the environment through signals such as light, meals, and 
social interaction. These affect neuro hormonal pathways 
which influence the circadian clock. Light is the most im-
portant factor affecting the circadian rhythm. Light trav-
els from the retina via the retinohypothalamic pathway to 
the suprachiasmatic nucleus (SCN), and then via a multi-
synaptic pathway to the pineal gland where it suppresses 
melatonin production. Melatonin is a neurohormone that 
serves to synchronize circadian rhythms both with the 
environment and the human body as melatonin recep-
tors are found in nearly all human tissue. Furthermore, 
the 24-h circadian rhythm is governed by a main circa-
dian clock and a system of  peripheral clocks located in 
multiple tissues including the pancreas, liver, and adipose 
tissue[20]. The SCN also serves as a “standard time” which 
synchronizes peripheral tissue clocks[21]. A series of  “clock 
genes” help regulate the timing through both positive 
and negative feedback loops. CLOCK and Brain and 
Muscle Arnt-like protein (BMAL-1) form heterodimers 
that accumulate throughout the day. These heterodimers 
then bind to the promoter regions of  the genes Period 
(PER) and Cryptochrome (CRY) to activate their tran-
scription. PER and CRY proteins then accumulate and 
form heterodimers that inhibit transcription of  CLOCK 
and BMAL-1 proteins[22]. Point mutations in these clock 
genes have been linked to altered circadian function and 
sleep abnormalities in mammals including familiar ad-
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vanced sleep phase syndrome and delayed sleep phase 
syndrome[23-25].

Research has also focused on determining whether 
similar feedback-loop clock genes are present within the 
gastrointestinal tract. PER2 expression has been identi-
fied in the myenteric plexus and affects the rhythmic 
releases of  acetylcholine and nitric oxide, ultimately regu-
lating peristalsis[26,27]. Hypotheses on circadian rhythms 
affecting nutrient transport in the small intestine, gastric 
acid secretion, gut motility, and production of  digestive 
enzymes have also been proposed[27].

IMMUNE ACTIVATION AND CYTOKINE 
EFFECTS ON SLEEP
Many immune and endocrine pathways exhibit a diurnal 
profile including cortisol and growth hormone. The onset 
of  sleep corresponds with an increase in the serum levels 
of  some cytokines, peaking at 2.5 h after sleep onset[28]. 
This surge of  cytokines and their pro-inflammatory ef-
fects are suggested to be linked with nocturnal exacerba-
tions of  diseases like asthma and rheumatoid arthritis[11]. 
Increasing evidence supports a reciprocal relationship 
between sleep and the immune system. An activated im-
mune system alters sleep and sleep abnormalities affect 
immune function[29,30]. Studies have also shown that an 
immune response elicits a pro-inflammatory cytokine 
response that helps to modulate sleep[22]. This was first il-
lustrated in the 1970s[31] after the identification of  a sleep-
inducing muramyl peptide known as factor S was found 
to have both immune and sleep regulatory properties[18,32]. 
Although the diverse range of  cytokines released in early 
inflammation limits our ability to isolate individual contri-
butions[33], tumor necrosis factor (TNF)-a, interleukin-1 
(IL-1), and IL-6 have shown the strongest potential[30]. 
However, numerous other cytokines with at least partial 
sleep regulatory properties have been identified. In ani-
mal models, IL-1 and TNF-a elevations have correlated 
with increased time in NREM sleep. Furthermore, an 
inhibitory effect on both spontaneous sleep and sleep re-
bound (increased REM sleep after sleep deprivation) was 
produced when IL-1 was inhibited by anti-IL-1 specific 
antibodies[34]. In addition, high serum levels of  TNF-a 
has been linked to sleepiness in patients with obstructive 
sleep apnea and rheumatoid arthritis[35,36]. IL-6 also plays 
a role in sleep modulation. Sleep deprivation can increase 
IL-6 levels leading to daytime fatigue[37]. In a human 
study, subjects received an injection of  IL-6 that simu-
lated the levels found in infection, and they experienced 
marked subjective fatigue, inhibition of  REM sleep, and 
elevated CRP in 6.5 h[33]. The inhibition of  REM and the 
promotion of  NREM sleep appear to play key roles in 
the immune response. IL-1, IL-6 and TNF-a are at high 
levels at time of  infection and correlated with increased 
duration of  NREM, changes in core body temperatures, 
more shivering, and an overall greater capacity to fight 
off  illness[32]. This was confirmed in several studies evalu-

ating the effect of  infection with human immunodefi-
ciency virus (HIV) on sleep. In early stages of  HIV infec-
tion, polysomnographic data showed larger percentage of  
time spent in NREM than in REM and prolonged REM 
sleep latency[18,38]. Serotonin also is an integral component 
to IL-1 activity. Depletion of  serotonin or inhibition 
of  the serotonin receptor led to a reduction in the IL-
1-induced increase in the amount of  NREM sleep[39,40]. 
Thus, there appears to be an interaction of  IL-1 and its 
ability to modulate sleep based on baseline levels of  sero-
tonin. Infection caused by viral, bacterial, fungal or even 
parasites was evidenced to increase the amount of  time 
spent in NREMS and decrease the amount of  time spent 
in REMS[41] based on severity of  infection[12].

SLEEP EFFECTS ON THE IMMUNE 
RESPONSE
Both human and animal studies have shown that sleep 
has an overall protective role and that sleep deprivation 
is associated with an increased susceptibility to infec-
tion[18,22]. A study on infected rabbits showed that animals 
who had longer periods of  sleep had less morbidity and 
mortality[42]. In humans, long-term sleep deprivation was 
shown to increase risk of  septicemia[43,44]. Furthermore, 
decreased sleep has been linked to impaired antibody 
response to hepatitis A vaccine[29], influenza[45], and in-
creased risk of  getting a upper respiratory infection[46]. 
The timing of  sleep is also important because most im-
mune cells have their highest response to immune chal-
lenges during the night[12,18] and their lowest response in 
the morning[45]. This antibody impairment is very similar 
to the decrease in the immune response seen with human 
aging as both have a lowered T-cell response to antigens 
and impaired response to vaccinations[47].

GASTROESOPHAGEAL REFLUX DISEASE 
AND SLEEP
It is well established that gastroesophageal reflux and its 
most common symptoms, heartburn and regurgitation, is 
among the most frequently dealt with conditions encoun-
tered by gastroenterologists[48].

Approximately, 10%-20% of  the people in the 
United States have GERD[49]. One study found that ap-
proximately 74% of  patients with GERD had nocturnal 
symptoms[50]. A Gallup survey revealed that approxi-
mately 63% of  the people with nocturnal GERD felt it 
impaired their ability to sleep and 40% felt it impaired 
their ability the following day[51]. Several factors likely 
contribute to nocturnal GERD. Numerous studies now 
have documented that reflux during sleep presents physi-
ologic issues not encountered during the waking state. 
For example there is a notable prolongation of  acid 
clearance due to the suppression of  swallowing and sali-
vation during sleep. This results in enhanced back diffu-
sion of  hydrogen ions and subsequent mucosal damage. 
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flammatory cascade regulation[59]. Another study found 
that occupations that have artificial working conditions 
(such as light) and irregular hours had higher odds ratio 
(1.6-1.7) for development for IBD[60,61].

Patients with Crohn's disease (CD) and sleep loss may 
also have a greater risk for disease relapse. These patients 
had twice the risk of  active disease in 6 mo than patients 
who did not have sleep abnormalities[62]. In fact, Tang et 
al[62] performed a study examining sleep deprivation on 
mice with colitis and noted both acute and chronic sleep 
deprivation led to worsening colitis likely secondary to 
heightened sensitivity to pro-inflammatory cytokines such 
as IL-6 and TNF-a[9,30,61,63]. A large survey study looking 
at sleep disturbances in over 3100 participants found that 
CD patients in clinical remission and subjective sleep 
disturbances had a 2-fold increased risk of  active disease 
at 6 mo. They discovered approximately 75% of  patients 
with active disease have subjective sleep complaints com-
pared to 48% inactive disease[62].

Recently, we performed a prospective observational 
cohort study looking at the sleep disturbances of  IBD 
patients. We discovered that 100% of  patients with ac-
tive disease had poor sleep while only 72% of  patients 
with clinically inactive disease had poor sleep. The dif-
ference between sleep disturbances became even higher 
when histology was used to define the disease activity. 
We found 100% of  those in histologically active group 
had poor sleep while only 54% in the histologically inac-
tive group had poor sleep (OR = 6.0, 95%CI:  2.9-12.5, 
P < 0.0001). An abnormal PSQI had a positive predic-
tive value for histologic inflammatory activity of  83%[64]. 
These patients were prospectively followed for 6 mo, and 
the relapse rate in clinically inactive patients with poor 
sleep was found to be 67%. No patients with normal 
sleep patterns relapsed (RR = 3, 95%CI: 1.5-6.1, P = 0.03). 
We detected a significant correlation between the baseline 
PSQI and disease activity at the 6-mo follow up (CD: r = 
0.56, P = 0.0046; UC: r = 0.54, P = 0.024)[65]. Although 
the study was limited by the small number of  patients, the 
results are intriguing and hold very important therapeutic 
implication in the management of  immune-mediated in-
flammatory diseases.

Melatonin has recently been investigated as a possible 
method of  improving outcomes for patients with UC 
Data from several animal models indicate that melatonin 
administration increased serum levels of  IL-10 (an anti-
inflammatory cytokine) and decreased serum levels of  
pro-inflammatory cytokines such as IL-6 and TNF-a[66-69]. 
Patients with UC had abnormally high levels of  pro-
inflammatory cytokines, and melatonin may play a role 
in reducing the severity of  UC by reducing these specific 
cytokines[69-73].

IRRITABLE BOWEL SYNDROME AND 
SLEEP
IBS is a chronic gastrointestinal syndrome that is associ-
ated with abdominal pain and distorted bowel behavior. 

These issues are discussed in detail in a review by Orr et 
al[51] in which he presents an argument for considering 
nighttime reflux and its clinical manifestations as a dis-
tinct clinical entity[52]. However, sleep and GERD have 
been shown to have a more interdependent relation-
ship. A study by Dickman et al[52] noted that poor quality 
of  sleep led to exacerbations of  reflux the following 
day. They also found that longer durations of  reflux 
events correlated with reduced sleep quality. This was 
supported by the Gallup survey, a higher frequency of  
reflux was associated with higher frequency of  sleep dif-
ficulties[51]. A likely contributing factor is the hyperalgesia 
due to sleep disturbances[54,55]. This was first reported by 
Onen et al[53] who found that sleep deprivation led to a 
somatic hyperalgesia. This hyperalgesia was evidenced 
after loss of  REM sleep or cumulative 2 d loss of  non-
REM sleep[54]. Recently, Schey et al[54] have documented 
a visceral hyperalgesia and increased sensitivity to reflux 
in GERD patients with documented poor sleep prior to 
undergoing an acid perfusion test[55]. Further research in 
this area is needed, but current studies indicate that dis-
cussion and treatment of  sleep abnormalities in patients 
with GERD may lead to improved management.

PEPTIC ULCER DISEASE 
Patients with sleep apnea sustain cessation of  breath 
during sleep, leading to intermittent hypoxia, systemic 
inflammation and sympathetic activation. These insults 
are not only be a threat to cardiovascular system but can 
also   contribute to damage to the gastrointestinal mucosa 
and hence initiation or progression of  peptic ulcers[56]. In 
a very large study of  nearly 35000 patients from Taiwan, 
patients with sleep apnea experienced 2.4 fold higher risk 
for peptic ulcer bleeding[56]. This may warrant surveying 
for sleep apnea as a potential predisposing factor in pa-
tients with peptic ulcer bleeding and without any appar-
ent risk factors.

INFLAMMATORY BOWEL DISEASE AND 
SLEEP
IBD is characterized by a chronic immune mediated in-
flammation of  the gastrointestinal tract. It is estimated 
that approximately 400/100000 Americans suffer from 
IBD[57]. The relationship between sleep and IBD has been 
a topic of  more recent consideration. Ranjbaran et al[57] 
used the Pittsburgh Sleep Quality Index (PSQI) to show 
a relationship with sleep abnormalities and the quality of  
life in patients with IBD. They noted several sleep-related 
issues: more sleep latency, less day time energy, and in-
creased sleeping pill use[57].

Abnormal sleeping habits may also play a role on 
disease severity. One study noted both worsened severity 
of  UC and higher mortality in phase-shifted mice than 
in unaltered circadian-phase mice[59]. They noted that 
chronic circadian phase shifts led to worsening mucosal 
inflammation and colitis likely secondary to altered in-
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IBS is commonly diagnosed and there is an estimated 
10%-15% of  the North American population suffering 
from this syndrome[74]. IBS appears to have a significant 
association with anxiety, stress, and overall environment. 
Interestingly, sleep dysfunction also has similar associa-
tions. The study conducted by Kim et al[74] examined IBS 
occurrence among irregular-shift workers and traditional 
day-shift workers. They found that the prevalence of  IBS 
in irregular-shift workers was significantly higher (32.7%) 
than in the day-shift workers (16.7%). They also found 
that many of  the individuals that worked irregular shifts 
experienced less sleep quality, higher rates of  daytime 
sleepiness, and higher levels of  stress[75]. Chen et al[75] com-
pared sleep patterns and rectal sensitivity using anorectal 
manometry among patients with IBS and healthy sub-
jects. They noted that IBS patients with lower amounts 
of  quality sleep were prone to lower thresholds for rectal 
sensitivity and altered anal sphincter function[76]. This rec-
tal hyperalgesia in patients with sleep abnormalities and 
IBS is consistent with the visceral hyperalgesia noted in 
patients with sleep abnormalities and GERD[55].

COLON CANCER AND SLEEP
Colorectal cancer is the second most commonly diag-
nosed cancer in the world in women and the third most 
common in men[77]. Surgery is often the primary method 
of  intervention while adjuvant chemotherapy and radia-
tion therapy are often employed to improve survival or 
quality of  life[78-80]. Several surveys noted that fatigue was 
one of  the highest concerns for people with cancer[78,81,82]. 

Animal studies indicate that both circadian disruption 
by nocturnal light exposure or sleep deprivation acceler-
ated tumor formation[83-85]. A recent study by Thompson 
and colleagues evaluated sleep and colon cancer and 
noted that shorter duration of  sleep (< 6 h) led to an al-
most 50% increase in the risk for colorectal adenomas[86]. 
Shift work, abnormal clock gene expression, and other 
causes of  disruption of  circadian rhythms are emerging 
as cancer risk factors[83,87]. A study by Schernhammer et 
al[87] found an increased risk for colon cancer in women 
who worked night shifts[88]. Several theories have been 
proposed to explain the relationship between sleep and 
colon cancer. Increased obesity is a known risk factor for 
cancer[89]. Sleep disorders are also known to alter metabo-
lism and contribute to obesity[10]. Sleep disturbance may 
play an indirect role in increasing the risk for cancer by 
increasing adiposity[90]. Another theory suggests melato-
nin and its anti-carcinogenic properties are a key factor.  
Nocturnal light exposure suppresses melatonin produc-
tion, and the lack of  melatonin and its anti-proliferative 
effects may contribute to intestinal cancer formation[88,91]. 
Open discussion, evaluation, and treatment of  lower-
than-normal duration of  sleep may be an under-appreci-
ated method of  colorectal cancer risk modification.

SLEEP DYSFUNCTION AND THE LIVER
Sleep disturbances are seen in numerous types of  liver 

diseases. One study found 47.7% of  cirrhotic patients 
had unsatisfactory sleep when compared to 4.5% seen in 
controls[92]. Elevated levels of  ammonia seen in hepatic 
encephalopathy is also evidenced to induce sleep wake 
cycle reversal and progressive electroencephalography  
changes with triphasic wave changes in Stage I hepatic 
encephalopathy and eventually delta waves and comatose 
state in Stage IV[93]. Another study found that women 
with primary biliary cirrhosis slept nearly twice as much 
during the day when compared to controls[94]. Although 
the exact mechanism behind this is known, it is thought 
that elevated IL-6 plays a role[95]. Patients with hepatitis 
C also are at higher risk for sleep abnormalities with 
60%-65% reporting abnormal sleep complaints[96]. In ad-
dition, patients undergoing treatment with interferon-a 
are also at increased risk for sleep abnormalities as 
22%-24% of  patients experience sleep disturbance as a 
side effect[97].

Summa et al[97] study on mice found that circadian 
disorganization via ClockΔ19/Δ19 mutation led to elevated 
liver/body weight ratios and advanced alcohol induced 
steatohepatitis[98]. The etiology behind this connection is 
thought to rely on abnormal intestinal epithelial perme-
ability. Ideally, the intestinal epithelial barrier serves to 
protect the body from unwanted luminal contents while 
also allowing a fraction of  permeability to allow immune 
surveillance and regulation[99]. Summa et al[97] followed the 
absorption of  sugars in the gastrointestinal tract in phase 
shifted mice and found increased permeability in the co-
lon when compared to control. This evidence indicates 
that circadian dysfunction may be a separate risk factor 
for alcohol induced liver damage[98].

Patients with sleep apnea sustain cessation of  breath 
during sleep, leading to intermittent hypoxia, systemic 
inflammation, and sympathetic activation. These insults 
may contribute to initiation or progression of  peptic 
ulcers[56]. In a very large study of  nearly 35000 patients 
from Taiwan, patients with sleep apnea experienced 2.4 
fold higher risk for peptic ulcer bleeding[56].

TREATMENT IMPLICATIONS
As the complexities regarding the association between 
sleep and gastrointestinal disorders continue to become 
better understood, it begs the question as to how the 
medical and psychiatric community should address co-
morbid sleep and gastrointestinal disorders. Though cur-
rent clinical trials have not directly addressed this popula-
tion, several small preliminary trials have investigated the 
efficacy of  cognitive behavioral therapy for insomnia in 
patients with comorbid chronic pain[100-103]. Collectively, 
these studies suggest that insomnia can be effectively 
treated among patients with chronic pain and that im-
provement in sleep confers some clinical improvement 
in pain. Therefore, given the state of  the current science, 
it seems prudent that medical providers would recom-
mend the evaluation and treatment of  sleep disorders in 
patients with gastrointestinal disorders. Treating both dis-
orders in parallel may not only result in a better outcome 
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for the patient, but also allow the medical provider to use 
less invasive and expensive means to improve the patient’s 
overall quality of  life.

CONCLUSION
Sleep abnormalities are a global issue and its effects on 
well-known pathologies is both an interesting and rel-
evant field of  research. Sleep abnormalities contribute 
to many gastrointestinal diseases and conversely, gastro-
intestinal diseases often lead to sleep abnormalities. This 
interdependent relationship represents a novel approach 
to treating GERD, IBS, IBD, liver disorders and colon 
cancer. The evaluation, discussion, and treatment of  sleep 
abnormalities may play a key role in further preventing 
and improving many gastrointestinal disorders.

REFERENCES
1	 Reid KJ, Martinovich Z, Finkel S, Statsinger J, Golden R, 

Harter K, Zee PC. Sleep: a marker of physical and mental 
health in the elderly. Am J Geriatr Psychiatry 2006; 14: 860-866 
[PMID: 17001025 DOI: 10.1097/01.JGP.0000206164.56404.ba]

2	 Zee PC, Turek FW. Sleep and health: Everywhere and in 
both directions. Arch Intern Med 2006; 166: 1686-1688 [PMID: 
16983044 DOI: 10.1001/archinte.166.16.1686]

3	 Luyster FS, Strollo PJ, Zee PC, Walsh JK. Sleep: a health 
imperative. Sleep 2012; 35: 727-734 [PMID: 22654183 DOI: 
10.5665/sleep.1846]

4	 Johnson DA. Gastroesophageal reflux disease and sleep dis-
orders: a wake-up call for physicians and their patients. Rev 
Gastroenterol Disord 2005; 5 Suppl 2: S3-11 [PMID: 16369222]

5	 Kim K, Uchiyama M, Okawa M, Liu X, Ogihara R. An epi-
demiological study of insomnia among the Japanese general 
population. Sleep 2000; 23: 41-47 [PMID: 10678464]

6	 Fetveit A, Straand J, Bjorvatn B. Sleep disturbances in an arc-
tic population: the Tromsø Study. BMC Health Serv Res 2008; 
8: 117 [PMID: 18510767 DOI: 10.1186/1472-6963-8-117]

7	 Maneerattanaporn M, Chey WD. Sleep disorders and gas-
trointestinal symptoms: chicken, egg or vicious cycle? Neu-
rogastroenterol Motil 2009; 21: 97-99 [PMID: 19215586 DOI: 
10.1111/j.1365-2982.2008.01254.x]

8	 Ohayon MM, Paiva T. Global sleep dissatisfaction for the 
assessment of insomnia severity in the general population of 
Portugal. Sleep Med 2005; 6: 435-441 [PMID: 16085459 DOI: 
10.1016/j.sleep.2005.03.006]

9	 Orr WC. Sleep and gastrointestinal disease: a new horizon in 
sleep medicine. Sleep Med 2009; 10: 595-596 [PMID: 19403334 
DOI: 10.1016/j.sleep.2009.03.001]

10	 Balkin TJ, Rupp T, Picchioni D, Wesensten NJ. Sleep loss 
and sleepiness: current issues. Chest 2008; 134: 653-660 [PMID: 
18779203 DOI: 10.1378/chest.08-1064]

11	 Palma BD, Tiba PA, Machado RB, Tufik S, Suchecki D. [Im-
mune outcomes of sleep disorders: the hypothalamic-pitu-
itary-adrenal axis as a modulatory factor]. Rev Bras Psiquiatr 
2007; 29 Suppl 1: S33-S38 [PMID: 17546346]

12	 Shearer WT, Reuben JM, Mullington JM, Price NJ, Lee BN, 
Smith EO, Szuba MP, Van Dongen HP, Dinges DF. Soluble 
TNF-alpha receptor 1 and IL-6 plasma levels in humans 
subjected to the sleep deprivation model of spaceflight. J Al-
lergy Clin Immunol 2001; 107: 165-170 [PMID: 11150007 DOI: 
10.1067/mai.2001.112270]

13	 Stickgold R. Sleep-dependent memory consolidation. Nature 
2005; 437: 1272-1278 [PMID: 16251952 DOI: 10.1038/na-
ture04286]

14	 Balachandran D. Sleep and the immune system: implica-

tions for health and mortality. Sleep and Safety 2011; 52-59 
[DOI: 10.2174/9781608052714111010]

15	 Czeisler CA, Gooley JJ. Sleep and circadian rhythms in hu-
mans. Cold Spring Harb Symp Quant Biol 2007; 72: 579-597 
[PMID: 18419318 DOI: 10.1101/sqb.2007.72.064]

16	 Bechtold DA, Gibbs JE, Loudon AS. Circadian dysfunction 
in disease. Trends Pharmacol Sci 2010; 31: 191-198 [PMID: 
20171747 DOI: 10.1016/j.tips.2010.01.002]

17	 Borbély AA. Refining sleep homeostasis in the two-process 
model. J Sleep Res 2009; 18: 1-2 [PMID: 19250170 DOI: 10.1111
/j.1365-2869.2009.00750.x]

18	 Gamaldo CE, Shaikh AK, McArthur JC. The sleep-immu-
nity relationship. Neurol Clin 2012; 30: 1313-1343 [PMID: 
23099140]

19	 Panda S, Hogenesch JB, Kay SA. Circadian rhythms from 
flies to human. Nature 2002; 417: 329-335 [PMID: 12015613 
DOI: 10.1038/417329a]

20	 Delezie J, Challet E. Interactions between metabolism 
and circadian clocks: reciprocal disturbances. Ann N Y 
Acad Sci 2011; 1243: 30-46 [PMID: 22211891 DOI: 10.1111/
j.1749-6632.2011.06246.x]

21	 Bass J, Takahashi JS. Circadian integration of metabolism 
and energetics. Science 2010; 330: 1349-1354 [PMID: 21127246 
DOI: 10.1126/science.1195027]

22	 Bollinger T, Bollinger A, Oster H, Solbach W. Sleep, immu-
nity, and circadian clocks: a mechanistic model. Gerontology 
2010; 56: 574-580 [PMID: 20130392 DOI: 10.1159/000281827]

23	 Jones CR, Campbell SS, Zone SE, Cooper F, DeSano A, 
Murphy PJ, Jones B, Czajkowski L, Ptácek LJ. Familial ad-
vanced sleep-phase syndrome: A short-period circadian 
rhythm variant in humans. Nat Med 1999; 5: 1062-1065 [PMID: 
10470086 DOI: 10.1038/12502]

24	 Kyriacou CP, Hastings MH. Circadian clocks: genes, sleep, 
and cognition. Trends Cogn Sci 2010; 14: 259-267 [PMID: 
20418150 DOI: 10.1016/j.tics.2010.03.007]

25	 Toh KL, Jones CR, He Y, Eide EJ, Hinz WA, Virshup DM, 
Ptácek LJ, Fu YH. An hPer2 phosphorylation site mutation in 
familial advanced sleep phase syndrome. Science 2001; 291: 
1040-1043 [PMID: 11232563]

26	 Hoogerwerf WA. Role of biological rhythms in gastrointes-
tinal health and disease. Rev Endocr Metab Disord 2009; 10: 
293-300 [PMID: 19798581 DOI: 10.1007/s11154-009-9119-3]

27	 Konturek PC, Brzozowski T, Konturek SJ. Gut clock: im-
plication of circadian rhythms in the gastrointestinal tract. J 
Physiol Pharmacol 2011; 62: 139-150 [PMID: 21673361]

28	 Haus E, Smolensky MH. Biologic rhythms in the immune 
system. Chronobiol Int 1999; 16: 581-622 [PMID: 10513884]

29	 Lange T, Dimitrov S, Born J. Effects of sleep and circa-
dian rhythm on the human immune system. Ann N Y 
Acad Sci 2010; 1193: 48-59 [PMID: 20398008 DOI: 10.1111/
j.1749-6632.2009.05300.x]

30	 Ranjbaran Z, Keefer L, Stepanski E, Farhadi A, Keshavar-
zian A. The relevance of sleep abnormalities to chronic in-
flammatory conditions. Inflamm Res 2007; 56: 51-57 [PMID: 
17431741 DOI: 10.1007/s00011-006-6067-1]

31	 Majde JA, Krueger JM. Links between the innate immune 
system and sleep. J Allergy Clin Immunol 2005; 116: 1188-1198 
[PMID: 16337444 DOI: 10.1016/j.jaci.2005.08.005]

32	 Imeri L, Opp MR. How (and why) the immune system 
makes us sleep. Nat Rev Neurosci 2009; 10: 199-210 [PMID: 
19209176 DOI: 10.1038/nrn2576]

33	 Späth-Schwalbe E, Hansen K, Schmidt F, Schrezenmeier 
H, Marshall L, Burger K, Fehm HL, Born J. Acute effects of 
recombinant human interleukin-6 on endocrine and central 
nervous sleep functions in healthy men. J Clin Endocrinol 
Metab 1998; 83: 1573-1579 [PMID: 9589658]

34	 Opp MR, Krueger JM. Anti-interleukin-1 beta reduces sleep 
and sleep rebound after sleep deprivation in rats. Am J Physi-
ol 1994; 266: R688-R695 [PMID: 8160860]

35	 Franklin CM. Clinical experience with soluble TNF p75 re-

Ali T et al . Sleep and gastrointestinal disorders



9237 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

ceptor in rheumatoid arthritis. Semin Arthritis Rheum 1999; 
29: 172-181 [PMID: 10622681]

36	 Vgontzas AN, Papanicolaou DA, Bixler EO, Kales A, Tyson 
K, Chrousos GP. Elevation of plasma cytokines in disorders 
of excessive daytime sleepiness: role of sleep disturbance 
and obesity. J Clin Endocrinol Metab 1997; 82: 1313-1316 
[PMID: 9141509]

37	 Vgontzas AN, Papanicolaou DA, Bixler EO, Lotsikas A, 
Zachman K, Kales A, Prolo P, Wong ML, Licinio J, Gold PW, 
Hermida RC, Mastorakos G, Chrousos GP. Circadian inter-
leukin-6 secretion and quantity and depth of sleep. J Clin 
Endocrinol Metab 1999; 84: 2603-2607 [PMID: 10443646]

38	 Norman SE, Chediak AD, Kiel M, Cohn MA. Sleep dis-
turbances in HIV-infected homosexual men. AIDS 1990; 4: 
775-781 [PMID: 2261133]

39	 Opp MR. Cytokines and sleep. Sleep Med Rev 2005; 9: 355-364 
[PMID: 16102986]

40	 Gemma C, Imeri L, Opp MR. Serotonergic activation stimu-
lates the pituitary-adrenal axis and alters interleukin-1 
mRNA expression in rat brain. Psychoneuroendocrinology 
2003; 28: 875-884 [PMID: 12892655]

41	 Toth LA. Microbial modulation of sleep. In: Handbook of 
behav state cntrl: cellu and molec mechs. Boca Raton: CRC 
Press, 1999: 641-657

42	 Toth LA, Tolley EA, Krueger JM. Sleep as a prognostic indi-
cator during infectious disease in rabbits. Proc Soc Exp Biol 
Med 1993; 203: 179-192 [PMID: 8502660]

43	 Everson CA. Sustained sleep deprivation impairs host de-
fense. Am J Physiol 1993; 265: R1148-R1154 [PMID: 8238617]

44	 Spiegel K, Sheridan JF, Van Cauter E. Effect of sleep de-
privation on response to immunization. JAMA 2002; 288: 
1471-1472 [PMID: 12243633]

45	 Cohen FL, Ferrans CE, Vizgirda V, Kunkle V, Cloninger L. 
Sleep in men and women infected with human immuno-
deficiency virus. Holist Nurs Pract 1996; 10: 33-43 [PMID: 
8717996]

46	 Perras B, Borna J. Sleep associated endocrine and immune 
changes in the elderly. Adv Cell Aging Gerontol 2005; 17: 
113-154 [DOI: 10.1016/S1566-3124(04)17005-3]

47	 DeVault KR, Castell DO. Updated guidelines for the di-
agnosis and treatment of gastroesophageal reflux disease. 
Am J Gastroenterol 2005; 100: 190-200 [PMID: 15654800 DOI: 
10.1111/j.1572-0241.2005.41217.x]

48	 Dent J, El-Serag HB, Wallander MA, Johansson S. Epide-
miology of gastro-oesophageal reflux disease: a systematic 
review. Gut 2005; 54: 710-717 [PMID: 15831922 DOI: 10.1136/
gut.2004.051821]

49	 Farup C, Kleinman L, Sloan S, Ganoczy D, Chee E, Lee C, 
Revicki D. The impact of nocturnal symptoms associated 
with gastroesophageal reflux disease on health-related qual-
ity of life. Arch Intern Med 2001; 161: 45-52 [PMID: 11146697 
DOI: 10.1001/archinte.161.1.45]

50	 Shaker R, Castell DO, Schoenfeld PS, Spechler SJ. Night-
time heartburn is an under-appreciated clinical problem that 
impacts sleep and daytime function: the results of a Gallup 
survey conducted on behalf of the American Gastroentero-
logical Association. Am J Gastroenterol 2003; 98: 1487-1493 
[PMID: 12873567 DOI: 10.1111/j.1572-0241.2003.07531.x]

51	 Orr WC. Review article: sleep-related gastro-oesophageal re-
flux as a distinct clinical entity. Aliment Pharmacol Ther 2010; 31: 
47-56 [PMID: 19691671 DOI: 10.1111/j.1365-2036.2009.04124.x]

52	 Dickman R, Green C, Fass SS, Quan SF, Dekel R, Risner-
Adler S, Fass R. Relationships between sleep quality and pH 
monitoring findings in persons with gastroesophageal reflux 
disease. J Clin Sleep Med 2007; 3: 505-513 [PMID: 17803014]

53	 Onen SH, Alloui A, Gross A, Eschallier A, Dubray C. The 
effects of total sleep deprivation, selective sleep interruption 
and sleep recovery on pain tolerance thresholds in healthy 
subjects. J Sleep Res 2001; 10: 35-42 [PMID: 11285053 DOI: 

10.1046/j.1365-2869.2001.00240.x]
54	 Schey R, Dickman R, Parthasarathy S, Quan SF, Wendel C, 

Merchant J, Powers J, Han B, van Handel D, Fass R. Sleep 
deprivation is hyperalgesic in patients with gastroesophage-
al reflux disease. Gastroenterology 2007; 133: 1787-1795 [PMID: 
18054551 DOI: 10.1053/j.gastro.2007.09.039]

55	 Huang KW, Luo JC, Leu HB, Lin HC, Lee FY, Chan WL, 
Lin SJ, Chen JW, Chang FY. Chronic obstructive pulmonary 
disease: an independent risk factor for peptic ulcer bleeding: 
a nationwide population-based study. Aliment Pharmacol 
Ther 2012; 35: 796-802 [PMID: 22348540 DOI: 10.1111/
j.365-2036.12.05028.x]

56	 Kappelman MD, Rifas-Shiman SL, Kleinman K, Ollendorf 
D, Bousvaros A, Grand RJ, Finkelstein JA. The preva-
lence and geographic distribution of Crohn’s disease and 
ulcerative colitis in the United States. Clin Gastroenterol 
Hepatol 2007; 5: 1424-1429 [PMID: 17904915 DOI: 10.1016/
j.cgh.2007.07.012]

57	 Ranjbaran Z, Keefer L, Farhadi A, Stepanski E, Sedghi S, 
Keshavarzian A. Impact of sleep disturbances in inflamma-
tory bowel disease. J Gastroenterol Hepatol 2007; 22: 1748-1753 
[PMID: 17914945 DOI: 10.1111/j.1440-1746.2006.04820.x]

58	 Preuss F, Tang Y, Laposky AD, Arble D, Keshavarzian A, 
Turek FW. Adverse effects of chronic circadian desynchro-
nization in animals in a “challenging” environment. Am 
J Physiol Regul Integr Comp Physiol 2008; 295: R2034-R2040 
[PMID: 18843092 DOI: 10.1152/ajpregu.00118.2008]

59	 Sonnenberg A. Occupational distribution of inflammatory 
bowel disease among German employees. Gut 1990; 31: 
1037-1040 [PMID: 2210450 DOI: 10.1136/gut.31.9.1037]

60	 Swanson GR, Burgess HJ, Keshavarzian A. Sleep distur-
bances and inflammatory bowel disease: a potential trig-
ger for disease flare? Expert Rev Clin Immunol 2011; 7: 29-36 
[PMID: 21162647 DOI: 10.1586/eci.10.83]

61	 Ananthakrishnan AN, Long MD, Martin CF, Sandler RS, 
Kappelman MD. Sleep disturbance and risk of active disease 
in patients with Crohn’s disease and ulcerative colitis. Clin 
Gastroenterol Hepatol 2013; 11: 965-971 [PMID: 23376797 DOI: 
10.1016/j.cgh.2013.01.021]

62	 Tang Y, Preuss F, Turek FW, Jakate S, Keshavarzian A. Sleep 
deprivation worsens inflammation and delays recovery in a 
mouse model of colitis. Sleep Med 2009; 10: 597-603 [PMID: 
19403332 DOI: 10.1016/j.sleep.2008.12.009]

63	 Ali T, Madhoun MF, Orr WC, Rubin DT. Assessment of 
the relationship between quality of sleep and disease activ-
ity in inflammatory bowel disease patients. Inflamm Bowel 
Dis 2013; 19: 2440-2443 [PMID: 23945186 DOI: 10.1097/
MIB.0b013e3182a0ea54]

64	 Ali T, Madhoun MF, Crosby A, Orr WC, Rubin DT. 43 Poor 
Sleep Quality Predicts Disease Relapse in Patients With In-
flammatory Bowel Disease. Gastroenterology 2013; 144 Suppl 
1: S-12 [DOI: 10.1016/S0016-5085(13)60039-6]

65	 De Filippis D, Iuvone T, Esposito G, Steardo L, Arnold GH, 
Paul AP, De Man Joris G, De Winter Benedicte Y. Melatonin 
reverses lipopolysaccharide-induced gastro-intestinal motil-
ity disturbances through the inhibition of oxidative stress. 
J Pineal Res 2008; 44: 45-51 [PMID: 18078447 DOI: 10.1111/
j.1600-079X.2007.00526.x]

66	 Carrillo-Vico A, Guerrero JM, Lardone PJ, Reiter RJ. A re-
view of the multiple actions of melatonin on the immune 
system. Endocrine 2005; 27: 189-200 [PMID: 16217132]

67	 Johe PD, Østerud B. The in vivo effect of melatonin on cel-
lular activation processes in human blood during strenu-
ous physical exercise. J Pineal Res 2005; 39: 324-330 [PMID: 
16150115 DOI: 10.1111/j.1600-079X.2005.00254.x]

68	 Terry PD, Villinger F, Bubenik GA, Sitaraman SV. Melatonin 
and ulcerative colitis: evidence, biological mechanisms, and 
future research. Inflamm Bowel Dis 2009; 15: 134-140 [PMID: 
18626968 DOI: 10.1002/ibd.20527]

Ali T et al . Sleep and gastrointestinal disorders



9238 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

69	 Ishiguro Y. Mucosal proinflammatory cytokine production 
correlates with endoscopic activity of ulcerative colitis. J 
Gastroenterol 1999; 34: 66-74 [PMID: 10204613 DOI: 10.1007/
s005350050218]

70	 Olsen T, Goll R, Cui G, Husebekk A, Vonen B, Birketvedt 
GS, Florholmen J. Tissue levels of tumor necrosis factor-
alpha correlates with grade of inflammation in untreated 
ulcerative colitis. Scand J Gastroenterol 2007; 42: 1312-1320 
[PMID: 17852866 DOI: 10.1080/00365520701409035]

71	 Umehara Y, Kudo M, Nakaoka R, Kawasaki T, Shiomi M. 
Serum proinflammatory cytokines and adhesion molecules 
in ulcerative colitis. Hepatogastroenterology 2006; 53: 879-882 
[PMID: 17153445]

72	 Sands BE, Kaplan GG. The role of TNFalpha in ulcerative 
colitis. J Clin Pharmacol 2007; 47: 930-941 [PMID: 17567930 
DOI: 10.1177/0091270007301623]

73	 Talley NJ, Zinsmeister AR, Van Dyke C, Melton LJ. Epide-
miology of colonic symptoms and the irritable bowel syn-
drome. Gastroenterology 1991; 101: 927-934 [PMID: 1889716]

74	 Kim HI, Jung SA, Choi JY, Kim SE, Jung HK, Shim KN, 
Yoo K. Impact of shiftwork on irritable bowel syndrome 
and functional dyspepsia. J Korean Med Sci 2013; 28: 431-437 
[PMID: 23487413 DOI: 10.3346/jkms.2013.28.3.431]

75	 Chen CL, Liu TT, Yi CH, Orr WC. Evidence for altered 
anorectal function in irritable bowel syndrome patients 
with sleep disturbance. Digestion 2011; 84: 247-251 [PMID: 
21952561 DOI: 10.1159/000330847]

76	 Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman 
D. Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90 
[PMID: 21296855 DOI: 10.3322/caac.20107]

77	 Berger AM, Grem JL, Visovsky C, Marunda HA, Yurkov-
ich JM. Fatigue and other variables during adjuvant che-
motherapy for colon and rectal cancer. Oncol Nurs Forum 
2010; 37: E359-E369 [PMID: 21059569 DOI: 10.1188/10.onf.
e359-e369]

78	 Cera SM, Wexner SD. Minimally invasive treatment of colon 
cancer. Cancer J 2005; 11: 26-35 [PMID: 15831221 DOI: 10.109
7/00130404-200501000-00005]

79	 Shelton BK. Introduction to colorectal cancer. Semin Oncol Nurs 
2002; 18: 2-12 [PMID: 12053860 DOI: 10.1053/sonu.2002.33074]

80	 Ward WL, Hahn EA, Mo F, Hernandez L, Tulsky DS, Cella 
D. Reliability and validity of the Functional Assessment of 
Cancer Therapy-Colorectal (FACT-C) quality of life instru-
ment. Qual Life Res 1999; 8: 181-195 [PMID: 10472150 DOI: 
10.1023/A:1008821826499]

81	 Osoba D, Hsu MA, Copley-Merriman C, Coombs J, Johnson 
FR, Hauber B, Manjunath R, Pyles A. Stated preferences 
of patients with cancer for health-related quality-of-life 
(HRQOL) domains during treatment. Qual Life Res 2006; 15: 
273-283 [PMID: 16468082 DOI: 10.1007/s11136-005-0580-5]

82	 Guess J, Burch JB, Ogoussan K, Armstead CA, Zhang H, 
Wagner S, Hebert JR, Wood P, Youngstedt SD, Hofseth LJ, 
Singh UP, Xie D, Hrushesky WJ. Circadian disruption, Per3, 
and human cytokine secretion. Integr Cancer Ther 2009; 8: 
329-336 [PMID: 19926609 DOI: 10.1177/1534735409352029]

83	 Filipski E, King VM, Li X, Granda TG, Mormont MC, 
Claustrat B, Hastings MH, Lévi F. Disruption of circadian 
coordination accelerates malignant growth in mice. Pathol 
Biol (Paris) 2003; 51: 216-219 [PMID: 12852994 DOI: 10.1016/
S0369-8114(03)00034-8]

84	 Blask DE, Dauchy RT, Sauer LA, Krause JA, Brainard GC. 
Growth and fatty acid metabolism of human breast cancer 
(MCF-7) xenografts in nude rats: impact of constant light-
induced nocturnal melatonin suppression. Breast Cancer 
Res Treat 2003; 79: 313-320 [PMID: 12846415 DOI: 10.1023/
A:1024030518065]

85	 Thompson CL, Larkin EK, Patel S, Berger NA, Redline S, Li L. 
Short duration of sleep increases risk of colorectal adenoma. 

Cancer 2011; 117: 841-847 [PMID: 20936662 DOI: 10.1002/
cncr.25507]

86	 Reed VA. Shift work, light at night, and the risk of breast 
cancer. AAOHN J 2011; 59: 37-45; quiz 46 [PMID: 21175107 
DOI: 10.3928/08910162-20101216-01]

87	 Schernhammer ES, Laden F, Speizer FE, Willett WC, Hunter 
DJ, Kawachi I, Fuchs CS, Colditz GA. Night-shift work and 
risk of colorectal cancer in the nurses’ health study. J Natl 
Cancer Inst 2003; 95: 825-828 [PMID: 12783938 DOI: 10.1093/
jnci/95.11.825]

88	 Wiseman M. The second World Cancer Research Fund/
American Institute for Cancer Research expert report. Food, 
nutrition, physical activity, and the prevention of cancer: a 
global perspective. Proc Nutr Soc 2008; 67: 253-256 [PMID: 
18452640 DOI: 10.1017/s002966510800712x]

89	 Basterfield L, Mathers JC. Intestinal tumours, colonic bu-
tyrate and sleep in exercised Min mice. Br J Nutr 2010; 104: 
355-363 [PMID: 20334709 DOI: 10.1017/s0007114510000528]

90	 Vijayalaxmi CR, Reiter RJ, Herman TS. Melatonin: from ba-
sic research to cancer treatment clinics. J Clin Oncol 2002; 20: 
2575-2601 [PMID: 12011138 DOI: 10.1200/JCO.2002.11.004]

91	 Córdoba J, Cabrera J, Lataif L, Penev P, Zee P, Blei AT. High 
prevalence of sleep disturbance in cirrhosis. Hepatology 1998; 
27: 339-345 [PMID: 9462628]

92	 Bismuth M, Funakoshi N, Cadranel JF, Blanc P. Hepatic 
encephalopathy: from pathophysiology to therapeutic man-
agement. Eur J Gastroenterol Hepatol 2011; 23: 8-22 [PMID: 
21099434 DOI: 10.1097/MEG.0b013e3283417567]

93	 Newton JL, Gibson GJ, Tomlinson M, Wilton K, Jones D. 
Fatigue in primary biliary cirrhosis is associated with exces-
sive daytime somnolence. Hepatology 2006; 44: 91-98 [PMID: 
16800007 DOI: 10.1002/hep.21230]

94	 Martinez OM, Villanueva JC, Gershwin ME, Krams SM. 
Cytokine patterns and cytotoxic mediators in primary biliary 
cirrhosis. Hepatology 1995; 21: 113-119 [PMID: 7806143]

95	 Carlson MD, Hilsabeck RC, Barakat F, Perry W. Role of 
Sleep Disturbance in Chronic Hepatitis C Infection. Curr 
Hepat Rep 2010; 9: 25-29 [PMID: 20208985 DOI: 10.1007/
s11901-010-0030-x]

96	 Raison CL, Rye DB, Woolwine BJ, Vogt GJ, Bautista BM, 
Spivey JR, Miller AH. Chronic interferon-alpha administra-
tion disrupts sleep continuity and depth in patients with 
hepatitis C: association with fatigue, motor slowing, and 
increased evening cortisol. Biol Psychiatry 2010; 68: 942-949 
[PMID: 20537611 DOI: 10.1016/j.biopsych.2010.04.019]

97	 Summa KC, Voigt RM, Forsyth CB, Shaikh M, Cavanaugh K, 
Tang Y, Vitaterna MH, Song S, Turek FW, Keshavarzian A. 
Disruption of the Circadian Clock in Mice Increases Intesti-
nal Permeability and Promotes Alcohol-Induced Hepatic Pa-
thology and Inflammation. PLoS One 2013; 8: e67102 [PMID: 
23825629 DOI: 10.1371/journal.pone.0067102]

98	 Turner JR. Intestinal mucosal barrier function in health and 
disease. Nat Rev Immunol 2009; 9: 799-809 [PMID: 19855405 
DOI: 10.1038/nri2653]

99	 Rybarczyk B, Stepanski E, Fogg L, Lopez M, Barry P, Davis 
A. A placebo-controlled test of cognitive-behavioral therapy 
for comorbid insomnia in older adults. J Consult Clin Psychol 
2005; 73: 1164-1174 [PMID: 16392989 DOI: 10.1037/0022-006
X.73.6.1164]

100	 Jungquist CR, O’Brien C, Matteson-Rusby S, Smith MT, Pi-
geon WR, Xia Y, Lu N, Perlis ML. The efficacy of cognitive-
behavioral therapy for insomnia in patients with chronic 
pain. Sleep Med 2010; 11: 302-309 [PMID: 20133188 DOI: 
10.1016/j.sleep.2009.05.018]

101	 Jungquist CR, Tra Y, Smith MT, Pigeon WR, Matteson-
Rusby S, Xia Y, Perlis ML. The durability of cognitive 
behavioral therapy for insomnia in patients with chronic 
pain. Sleep Disord 2012; 2012: 679648 [PMID: 23470897 DOI: 
10.1155/2012/679648]

P- Reviewers  Bener A    S- Editor  Wen LL    L- Editor  Cant MR    E- Editor  Li JY  

P- Reviewers  Bener A    S- Editor  Song XX    L- Editor  Stewart GJ    E- Editor  Li JY

Ali T et al . Sleep and gastrointestinal disorders



9239 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

102	 Edinger JD, Wohlgemuth WK, Krystal AD, Rice JR. Behav-
ioral insomnia therapy for fibromyalgia patients: a random-
ized clinical trial. Arch Intern Med 2005; 165: 2527-2535 [PMID: 
16314551 DOI: 10.1001/archinte.165.21.2527]

103	 Currie SR, Wilson KG, Pontefract AJ, deLaplante L. Co
gnitive-behavioral treatment of insomnia secondary to 
chronic pain. J Consult Clin Psychol 2000; 68: 407-416 [PMID: 
10883557]

P- Reviewers: Chen SJ, Saburi A    S- Editor: Ma YJ    
L- Editor: A    E- Editor: Wu HL

P- Reviewers  Bener A    S- Editor  Wen LL    L- Editor  Cant MR    E- Editor  Li JY  

P- Reviewers  Bener A    S- Editor  Song XX    L- Editor  Stewart GJ    E- Editor  Li JY

Ali T et al . Sleep and gastrointestinal disorders



9240 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

Pathophysiology of cerebral oedema in acute liver failure

Teresa R Scott, Victoria T Kronsten, Robin D Hughes, Debbie L Shawcross

Teresa R Scott, Victoria T Kronsten, Robin D Hughes, Deb-
bie L Shawcross, Institute of Liver Studies, King’s College 
London School of Medicine at King’s College Hospital, King’s 
College Hospital, London SE5 9RS, United Kingdom
Author contributions: Scott TR wrote the first draft of this 
manuscript assisted by Kronsten VT; Shawcross DL revised the 
manuscript with the help of Hughes RD and responded to the re-
viewer’s comments.
Supported by Medical Research Council (MRC) Centre for 
Transplantation, King’s College London, United Kingdom-MRC 
grant No. MR/J006742/1; The National Institute for Health Re-
search (NIHR) Biomedical Research Centre based at Guy’s and 
St Thomas’ NHS Foundation Trust and King’s College London
Correspondence to: Dr. Debbie L Shawcross, Institute of 
Liver Studies, King’s College London School of Medicine at 
King’s College Hospital, King’s College Hospital, Denmark Hill, 
London SE5 9RS, United Kingdom. debbie.shawcross@kcl.ac.uk
Telephone: +44-20-32993713  Fax: +44-20-32993167
Received: September 9, 2013    Revised: October 28, 2013
Accepted: November 18, 2013
Published online: December 28, 2013

Abstract
Cerebral oedema is a devastating consequence of acute 
liver failure (ALF) and may be associated with the de-
velopment of intracranial hypertension and death. In 
ALF, some patients may develop cerebral oedema and 
increased intracranial pressure but progression to life-
threatening intracranial hypertension is less frequent 
than previously described, complicating less than one 
third of cases who have proceeded to coma since the 
advent of improved clinical care. The rapid onset of 
encephalopathy may be dramatic with the development 
of asterixis, delirium, seizures and coma. Cytotoxic and 
vasogenic oedema mechanisms have been implicated 
with a preponderance of experimental data favouring 
a cytotoxic mechanism. Astrocyte swelling is the most 
consistent neuropathological finding in humans with 
ALF and ammonia plays a definitive role in the develop-
ment of cytotoxic brain oedema. The mechanism(s) by 
which ammonia induces astrocyte swelling remains un-
clear but glutamine accumulation within astrocytes has 

led to the osmolyte hypothesis. Current evidence also 
supports an alternate ‘Trojan horse’ hypothesis, with 
glutamine as a carrier of ammonia into mitochondria, 
where its accumulation results in oxidative stress, en-
ergy failure and ultimately astrocyte swelling. Although 
a complete breakdown of the blood-brain barrier is not 
evident in human ALF, increased permeation to water 
and other small molecules such as ammonia has been 
demonstrated resulting from subtle alterations in the 
protein composition of paracellular tight junctions. At 
present, there is no fully efficacious therapy for cere-
bral oedema other than liver transplantation and this 
reflects our incomplete knowledge of the precise mech-
anisms underlying this process which remain largely 
unknown.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Cytotoxic and vasogenic cerebral oedema 
have been implicated in acute liver failure (ALF) with 
a preponderance of experimental data favouring cy-
totoxic mechanisms. Astrocyte swelling is a consistent 
neuropathological finding in human ALF and ammonia 
plays a definitive role. The mechanism(s) by which am-
monia induces astrocyte swelling remains unclear but 
glutamine plays a central role inducing oxidative stress, 
energy failure and ultimately astrocyte swelling. Al-
though complete breakdown of the blood-brain barrier 
is not evident in human ALF, increased permeation to 
water and ammonia has been demonstrated. There is 
no efficacious therapy other than liver transplantation 
reflecting the incomplete knowledge base.
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INTRODUCTION
Acute liver failure (ALF) is a complex clinical syndrome 
that results from a sudden and severe loss in hepatocyte 
function in a patient without pre-existing liver disease[1]. 
This rapid loss of  function is the result of  massive he-
patocyte necrosis and is typically associated with hepatic 
encephalopathy (HE) and coagulopathy, the hallmark 
features of  ALF. In many cases progressive multi-organ 
failure ensues. Although ALF is rare, with an incidence 
of  one to six cases per million people every year in the 
United States and Western Europe, the mortality rate and 
the cost of  treatment is high[2]. The majority of  those af-
fected are young adults.

ALF is sometimes referred to as fulminant hepatic 
failure (FHF), a term first used in 1970 by Trey and Da-
vidson[3] who described a potentially reversible disorder 
resulting from severe hepatic injury, with an onset of  en-
cephalopathy within 8 wk of  symptom appearance in the 
absence of  chronic liver disease. Whilst the main features 
of  this definition remain relevant today, O’Grady et al[4] 
proposed a new classification for adults with ALF, divid-
ing them into three groups based on the time between 
the onset of  jaundice to the development of  encepha-
lopathy: hyperacute (within 7 d), acute (8-28 d) and sub-
acute (5-12 wk). This classification recognises that ALF 
complications and prognosis depend on the rate of  evo-
lution of  the disorder. It has now gained wide acceptance 
in clinical and research studies. Those with a hyperacute 
presentation, such as following an acetaminophen over-
dose, are at highest risk of  developing cerebral oedema.

The most reliable clinical signs of  severe ALF include 
coagulopathy [international normalised ratio (INR) ≥ 
1.5], which may become severe enough to cause sponta-
neous bleeding, and HE (any degree of  altered menta-
tion). HE presents with a rapid onset of  initially subtle 
mental alterations such as minor confusion, disorienta-
tion and agitation, progressing to delirium, seizures and 
coma. When severe, HE is typically associated with the 
development of  cerebral oedema[5].

Historically, cerebral oedema was thought to occur in 
up to 80% of  patients with ALF and be the most com-
mon cause of  death[6]. However, recent data following 
a review of  3300 patients presenting to a single tertiary 
liver centre has shown that the proportion of  patients 
with intracranial hypertension (ICH) fell from 76% in 
1984-1988 to 20% in 2004-2008 (P < 0.0001). In those 
who developed ICH, mortality fell from 95% to 55% (P 
< 0.0001). This mirrored a fall in the admission markers 
of  disease severity and most likely reflects earlier illness 
recognition, improved intensive care, and use of  salvage 
liver transplantation[7]. A further study from Bernal and 
colleagues from King’s College Hospital on 165 patients 
presenting with ALF and grade 3/4 HE found that only 
29% showed evidence of  ICH. However, only one third 

had intracranial bolts inserted which raises the possibility 
that some of  this cohort may have developed ICH with-
out showing clinical sequelae. Whether the development 
of  cerebral oedema is similar or higher in patients with 
ALF in developing countries remains to be determined. 
Nevertheless, along with sepsis and multi-organ failure, it 
is one the leading causes of  death in these patients[1,8].

Patients with ALF are acutely ill and are best man-
aged in intensive care units within tertiary liver transplant 
centres. The armamentarium of  treatments available to 
alleviate cerebral oedema include mannitol, hyperventila-
tion, hypertonic sodium chloride, induced hypothermia 
and barbiturates which aim to decrease the total fluid 
volume within the brain either by reducing the interstitial 
fluid and/or by reducing cerebral blood flow[8]. However, 
at present, no fully efficacious medical therapy for ALF 
is available and the only effective treatment is an emer-
gency liver transplantation[1]. Nevertheless, liver trans-
plantation is not always an option, with co-morbidities, 
sepsis, multi-organ failure and graft availability posing 
a major obstacle to a patient qualifying for a life-saving 
liver transplant.

The pathophysiological mechanisms underpinning 
the development of  cerebral oedema are complex and re-
main to be fully unravelled. The central role of  ammonia 
in the pathogenesis of  cerebral oedema in ALF however, 
remains undisputed. Indeed, arterial ammonia concentra-
tions greater than 100 µmol/L have been shown to pre-
dict the onset of  severe HE with 70% accuracy with ICH 
developing in 55% of  patients with ALF with an arterial 
ammonia concentration > 200 μmol/L[9]. Furthermore, 
Clemmesen and colleagues have shown that blood am-
monia levels in excess of  150 µmol/L predicted a greater 
likelihood of  dying from brain herniation[10].

CEREBRAL OEDEMA AND ACUTE LIVER 
FAILURE: AN OVERVIEW
Cerebral oedema is a net increase in total brain water 
content. The rigid skull bone protecting the brain limits 
the compliance of  the brain and as a consequence a small 
increase in fluid can cause a significant rise in intracranial 
pressure. ICH can lead to a decrease in cerebral perfusion 
pressure and capillary blood flow, culminating in isch-
aemia[11].

Cerebral oedema as a complication of  massive he-
patic necrosis was first described by Ware et al[12] in 1971 
and was found to be present in 80% of  comatose ALF 
patients on post-mortem examinations. Increased water 
content of  brain tissue has been considered to be a car-
dinal feature of  cerebral oedema in ALF. However, ICH 
caused by an increase in cerebral blood flow has also 
been demonstrated in experimental models of  ALF[13] in 
addition to patients with ALF[14]. Impaired autoregulation 
of  CBF is well documented in patients with ALF and 
can be explained by the presence of  vasodilatation of  
cerebral arterioles resulting in increased intracranial blood 
volume (cerebral hyperemia or the so-called luxury perfu-
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sion)[15-17].
More recent studies have suggested that neuroin-

flammatory mediators, particularly pro-inflammatory 
cytokines such as the interleukins (IL)-1β and IL-6 and 
tumour necrosis factor-alpha (TNF-α), play an important 
role in the development of  ICH[18] and progression of  
HE[19,20]. The presence of  an infection or systemic inflam-
mation (also known as ‘systemic inflammatory response 
syndrome’ or ‘SIRS’) is common in ALF and has been 
shown to be a major prognosticator of  both the pro-
gression of  HE and mortality in patients with ALF[21,22]. 
Moreover, evidence suggests that this inflammatory re-
sponse may not only be peripheral but may arise within 
the brain itself[18,23,24]. Neuroinflammation is now widely 
considered to result from a direct interaction between mi-
croglia and ammonia[25,26]. The released pro-inflammatory 
cytokines from activated microglial cells and ammonia 
appear to act synergistically to induce cerebral oedema[27].

The neuropathological aspects of  cerebral oedema 
were first described by Klatzo[28] in a presidential address 
classifying the underlying mechanisms of  cerebral oede-
ma into cytotoxic or vasogenic. This was further explored 
within the context of  ALF by Ede et al[29]. In cytotoxic 
oedema the BBB is intact and there is intracellular swell-
ing[30], whereas in vasogenic oedema there is breakdown 
of  the BBB and water and plasma constituents accumu-
late in the extracellular space[31].

CYTOTOXIC OEDEMA AND ASTROCYTE 
SWELLING
The most prominent neuropathological finding from 
studies of  brain autopsies of  patients with ALF[32] and 
from animal models of  cerebral oedema due to ALF 
is astrocyte swelling[30,33-35]. Astrocytes found within the 
gray matter are mainly affected and swelling of  astrocytic 
foot processes rather than cell bodies is more commonly 
seen[32].

Magnetic resonance imaging (MRI) studies using dif-
fusion tensor imaging (DTI) in humans support the view 
that astrocyte swelling, i.e., cytotoxic oedema, represents 
the major component of  cerebral oedema in ALF[36]. A 
reduction in the apparent diffusion coefficient (ADC) 
has been demonstrated in patients with ALF, indicative 
of  a reduction in the size of  the extracellular space. This 
implies that the development of  cerebral oedema in ALF 
results from the accumulation of  intracellular fluid.

Approximately one third of  the brain volume is made 
up of  astrocytes. They have an important function sup-
porting neurones and have many biochemical, neuro-
chemical and regulatory roles. Swelling of  astrocytes 
therefore impacts upon their function. Abnormal mem-
brane depolarisation has been demonstrated which could 
affect the ability of  astrocytes to maintain ionic gradients 
and regulate neurotransmitter uptake and processing[37,38]. 
Impairment of  astrocytic function can have deleterious 
effects on the rest of  the central nervous system (CNS) 
leading to impairment of  neuronal excitability and func-

tion.
The precise mechanism by which astrocytes swell 

remains to be determined, although many factors have 
been implicated. The evidence is most compelling for a 
role for ammonia in the development of  astrocyte swell-
ing in ALF[35]. Whilst other factors, including cerebral 
blood flow, vaso paralysis, hyperthermia, hyponatremia, 
substances derived from the necrotic liver, infection, 
inflammatory cytokines, lactic acid and glutamate have 
all been implicated in astrocyte swelling, the data is insuf-
ficient and often conflicting[34,39]. These factors may all act 
synergistically to induce cytotoxic swelling with ammonia 
playing a central role[20].

AMMONIA-GLUTAMINE HYPOTHESIS
Ammonia is mainly produced in the small bowel by the 
enzyme glutaminase, which breaks down glutamine into 
ammonia and glutamate. Ammonia is metabolised to 
urea primarily by the liver and to a lesser extent by the 
kidneys. In ALF this detoxification pathway, known as 
the urea cycle, is impaired from the loss of  hepatocytes 
and the concentration of  ammonia in the blood rises. 
Arterial concentrations of  ammonia have been shown to 
correlate with the development of  intracranial hyperten-
sion[9] and cerebral herniation[10]. Numerous experimental 
models of  ALF have unequivocally associated ammonia 
exposure with the induction of  astrocyte swelling. Treat-
ment of  cultured astrocytes with ammonia has consis-
tently caused astrocytes to swell[40]. In vivo animal models 
of  hyperammonemia have also demonstrated the pres-
ence of  astrocyte swelling[30,41]. Rose et al[42] treated rats in 
ALF with L-ornithine-L-aspartate, an ammonia-lowering 
agent which acts by stimulating the urea cycle, and found 
a reduction in plasma ammonia concentrations and, more 
importantly, a reduction in cerebral oedema. Lastly, in the 
absence of  liver pathology, patients with genetic disor-
ders of  urea cycle enzymes culminating in hyperammo-
nemia develop cerebral oedema, suggesting that elevated 
levels of  ammonia alone are sufficient to cause brain 
swelling[43]. The precise mechanisms underlying ammo-
nia-induced astrocyte swelling are still poorly understood. 
Ammonia is able to enter the brain by diffusion[44,45] and 
its increased uptake from the circulation[46,47] leads to dis-
turbances in astrocyte function[48-50].

The exclusive localisation within astrocytes of  gluta-
mine synthetase[51], a cytosolic enzyme which converts 
ammonia to glutamine, has led to the ‘osmolyte’ or ‘am-
monia-glutamine’ hypothesis. Ammonia is detoxified to 
glutamine within the astrocyte, a precursor for the neu-
rotransmitter glutamate. In addition to causing astrocyte 
swelling, ammonia has been shown to increase cerebral 
glutamine levels in the ALF setting[41]. Elevated glutamine 
levels have been found in brain tissue from animal mod-
els of  HE[52] and in cerebrospinal fluid (CSF) and brain 
from patients with HE due to ALF[53,54]. These findings 
collectively suggest a potential role for glutamine in the 
development of  astrocyte swelling, with hyperammone-
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glutamine levels were low. Furthermore, the duration and 
persistence of  hyperammonemia, rather than its absolute 
level is most likely to determine brain glutamine levels 
and correlate with the development of  cerebral oedema 
and raised intracranial pressure[65]. This delay in astrocyte 
swelling in relation to an increase in cellular glutamine 
content is not consistent with the concept of  glutamine 
acting as an osmolyte in ALF and suggests that astrocyte 
swelling may not be the result of  a direct osmotic effect 
of  glutamine.

The ‘Trojan horse’ hypothesis has recently been pro-
posed as an alternative theory by Albrecht et al[66] to ex-
plain the development of  astrocyte swelling and brain oe-
dema and suggests an important role for both ammonia 
and glutamine. The excess glutamine synthesised within 
astrocytes is transported into mitochondria where it is 
metabolised by phosphate-activated glutaminase (PAG) 
to ammonia and glutamate[67]. Glutamine, the “Trojan 
horse”, thereby acts as a carrier of  ammonia into mito-
chondria, where its accumulation can lead to oxidative 
stress and ultimately astrocyte swelling (Figure 1).

OXIDATIVE STRESS, MITOCHONDRIAL 
PERMEABILITY TRANSITION AND 
ENERGY FAILURE
Oxidative stress has been implicated as an important 
factor in the pathophysiology of  ammonia-induced neu-
rotoxicity[68]. O’Connor et al[69] first suggested oxidative 
stress might play a role in the pathogenesis of  HE when 
they found evidence of  lipid peroxidation in hyperam-

mia causing increased synthesis and accumulation of  glu-
tamine in astrocytes, resulting in astrocyte swelling[55,56].

Originally, it was thought that glutamine acted as an 
organic osmolyte increasing the intracellular osmolarity, 
resulting in an influx of  water into the cell and culminat-
ing in astrocyte swelling and dysfunction. In order to 
verify whether glutamine accumulation induces astrocyte 
swelling in hyperammonemic states, studies utilising 
L-methionine S-sulfoximine (MSO), an irreversible in-
hibitor of  glutamine synthetase, have been performed[57]. 
Firstly, MSO lowers glutamine in normal brains[58] and 
prevents cerebral oedema in ammonia-infused healthy 
rats[59]. Subsequently, it was found to significantly dimin-
ish astrocyte swelling both in vivo[41] and in cell culture[60]. 
Therefore, inhibition of  glutamine synthesis may have a 
protective effect, preventing glutamine accumulation, as-
trocyte swelling and thus cerebral oedema.

Although these findings suggest that glutamine ac-
cumulation within astrocytes plays an important role in 
cerebral oedema, more recent studies have questioned the 
glutamine-osmolyte hypothesis. In rats with ALF, gluta-
mine concentrations do not correlate well with the degree 
of  encephalopathy and associated cerebral oedema[61]. In 
two experimental models of  ALF, rats were cooled to re-
duce brain swelling. Although cerebral oedema was ame-
liorated by mild hypothermia, it was not accompanied by 
a similar decrease in glutamine level[62,63]. Jayakumar et al[64] 
further tested the hypothesis using cultured astrocytes 
exposed to ammonia. They found no direct correlation 
between astrocyte swelling and glutamine levels. More 
importantly, astrocyte swelling was absent when gluta-
mine levels peaked and cell swelling was maximal when 

Glutamine

NH4
+

GLU
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GLN-Tx

PAG
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Figure 1  The ‘Trojan Horse’ hypothesis. This illustrates the synthesis of glutamine via the enzyme glutamine synthetase; its transport into mitochondria via the 
glutamine transporter (GLN-Tx); its hydrolysis by phosphate-activated glutaminase (PAG) resulting in glutamate (GLU) and ammonia (NH4

+) production and the subse-
quent generation of reactive oxygen species (ROS). MSO: L-methionine S-sulfoximinel; GS: Glutamine synthetase. 
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monemic mice. Norenberg et al[70] subsequently described 
the concept that protein peroxidation as well as lipid 
peroxidation may occur in astrocytes treated with ammo-
nia. Further studies revealed that ammonia was able to 
generate free radicals such as superoxide in cultured as-
trocytes[71] and in vivo[72]. Ammonia also increases mRNA 
levels of  heme-oxygenase-1 (HO-1), which is considered 
to be one of  the best markers of  oxidative stress, in a 
portacaval shunt rat model of  HE[73]. Finally, decreased 
activity of  the antioxidant enzymes glutathione peroxi-
dase, superoxide dismutase and catalase were described 
in rats exposed to ammonia toxicity adding to the burden 
of  oxidative stress[72].

Oxidative stress has been shown to be a key compo
nent of  the cerebral oedema which develops in rats 
following hepatic devascularization[74]. Moreover, admin-
istration of  antioxidants such as superoxide dismutase, 
catalase and vitamin E have been shown to inhibit the 
ammonia-induced astrocyte swelling[64]. Although most 
evidence supporting the development of  oxidative stress 
in ALF comes from animal and cell culture studies, clini-
cally, the antioxidant and anti-inflammatory agent N-acet-
ylcysteine has proven to be beneficial in the management 
of  patients with ALF[75-77], and agents such as mannitol 
and sodium benzoate, which are occasionally used in the 
treatment of  ALF, have also been shown to have antioxi-
dant effects[78].

Nitrosative stress is also considered to play an impor-
tant role in ammonia-induced neurotoxicity. Data from 
experimental models of  HE revealed increased nitric 
oxide synthase (NOS) gene expression and activity in the 
brain[79,80]. Inhibition of  NOS by nitroarginine signifi-
cantly reduced deaths in mice exposed to ammonia neu-
rotoxicity[81]. In line with these findings, nitric oxide (NO), 
was shown to have increased in brains of  portacaval-
shunted rats given continuous ammonia infusions[82]. This 
animal model is a well-standardised paradigm of  cerebral 
oedema which occurs in the absence of  ALF.

Free radicals such as NO and superoxide can be cate-
gorised into reactive nitrogen and oxygen species (RNOS), 
respectively. In cultured astrocytes and in rat brain in vivo, 
ammonia triggers their formation through N-methyl-D-
aspartate (NMDA)-receptor and calcium (Ca2+)-depen-
dent mechanisms[71,83-86]. Activation of  the NMDA recep-
tor is thought to result from the depolarisation-induced 
removal of  the magnesium blockade, which can be in-
duced by ammonia and swelling of  the cell itself. Ammo-
nia induces glutamate release from cultured astrocytes[87] 
and NMDA receptor activity can be further amplified by 
subsequent Ca2+-dependent astroglial glutamate release 
and autocrine NMDA receptor stimulation[88]. There is 
a close relationship between oxidative stress and astro-
cyte swelling which makes it difficult to separate them 
temporally as both events are causally interlinked[85,89,90]. 
This suggests a self-amplifying cycle[91] whereby on the 
one hand, astrocyte swelling induces oxidative/nitrosa-
tive stress through NMDA receptor and Ca2+-dependent 
mechanisms, and on the other, NMDA receptor activa-

tion and oxidative stress trigger astrocyte swelling.
Exactly how ammonia-induced free radicals lead to 

cell swelling and cerebral oedema is not known. One pos-
sibility is that they cause direct damage to proteins and 
lipids in the membranes of  cells and organelles such as 
mitochondria, thereby altering membrane permeability by 
affecting ion transport systems. In mitochondria, oxida-
tive injury could lead to altered bioenergetics. Controlled 
ion transport systems and energy production are essential 
in maintaining normal cell volume, and alterations in their 
activity could lead to disturbed volume regulation.

One critical consequence of  oxidative and nitrosa-
tive stress is induction of  the mitochondrial permeability 
transition[92]. The MPT usually develops in response to 
an increase in mitochondrial Ca2+ levels and results in 
a sudden opening of  the permeability transition pore 
(PTP), a large non-selective permeability pore in the in-
ner mitochondrial membrane. This leads to increased 
permeability of  the inner mitochondrial membrane to 
protons, ions and other small solutes. As a result, the in-
ner mitochondrial membrane potential dissipates causing 
mitochondrial dysfunction. The MPT is therefore as-
sociated with movement of  metabolites across the inner 
mitochondrial membrane, swelling of  the mitochondrial 
matrix, defective oxidative phosphorylation and adenos-
ine triphosphate (ATP) production, and generation of  
free radicals[93]. Production of  free radicals through MPT 
induction further aggravates the MPT, resulting in a vi-
cious cycle. Induction of  the MPT was described in cul-
tured astrocytes exposed to ammonia[60]. The mechanism 
underlying MPT induction most likely involves oxidative 
stress, as antioxidants including superoxide dismutase, 
catalase and vitamin E were able to inhibit the develop-
ment of  the MPT by ammonia[94].

Cyclosporine A (CsA) blocks ammonia-induced as-
trocyte swelling in culture during the evolution of  swell-
ing[95]. Nevertheless, the mechanism(s) by which the MPT 
mediates astrocyte swelling in hyperammonemia remains 
unclear. Interestingly, glutamine is capable of  induc-
ing the MPT in cultured astrocytes[55] as well as causing 
mitochondrial swelling in isolated rat cerebral mitochon-
dria[96]. It is notable that, like ammonia, glutamine has 
been shown to induce oxidative stress by forming free 
radicals[97]. How glutamine acts to induce oxidative stress, 
the MPT and consequent astrocyte swelling, is less clear 
however although it has been suggested that glutamine 
mediates its deleterious effects through ammonia. Gluta-
mine is hydrolysed in the mitochondria by PAG to yield 
high levels of  ammonia which leads to oxidative stress 
and the MPT. In support of  this concept is the finding 
that inhibition of  PAG by 6-diazo-5-oxo-L-norleucine 
(DON) blocks free radical production[97], MPT forma-
tion[98] as well as ammonia-induced astrocyte swelling[64]. 
In a further study, L-histidine, an inhibitor of  mitochon-
drial glutamine transport, was further used to study the 
role of  mitochondrial glutamine in a rat model of  ALF[99]. 
L-histidine was found to inhibit HO-1 overexpression, 
the MPT and brain oedema, supporting the involvement 
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of  glutamine in the development of  oxidative stress. 
Taken together, the above data supports the key role of  
glutamine transport into mitochondria and subsequent 
metabolism to ammonia in the pathogenesis of  cerebral 
oedema in ALF. Furthermore, these findings support the 
“Trojan horse” theory, which suggests that glutamine acts 
as a “stealth” carrier of  ammonia in ammonia-induced 
neurotoxicity.

In terms of  a timeline, it was shown that exposure of  
cultured rat astrocytes and mice brain slices to ammonia 
results in rapid ROS formation and astrocyte swelling[89,90], 
whereas MPT-induction and glutamine accumulation oc-
curs later[60,64] implying astrocyte swelling occurs primarily 
through oxidative/nitrosative stress and is then further 
aggravated by glutamine accumulation in astrocytes[100].

Cell volume regulation is an energy-dependent process 
and involves ion homeostasis through ionic transporters 
and exchangers and extrusion of  osmotically active ami-
no acids[101]. In particular, the Na/K/Cl cotransporter-1 
(NKCC1) was found to be implicated in astrocyte swell-
ing. NKCC1 expression and activity was increased in cul-
tured astrocytes exposed to ammonia and its activation 
appears to be mediated by oxidative/nitrosative stress[102]. 
Energy failure following MPT induction is another pos-
sible mechanism underlying cell swelling. Ammonia is 
thought to interfere with mitochondrial energy metabo-
lism and several studies have reported depletion of  ATP 
in vitro and in vivo models of  ammonia neurotoxicity[103]. 
The implications of  energy failure in ALF have largely 
been ignored despite the presence of  higher lactate levels 
in patients with ALF, which is a consequence of  energy 
failure[104,105]. Indeed, Zwingmann et al[104] in an experi-
mental ALF rodent model showed that in the early (pre-
coma) stages of  encephalopathy there was a significant 
2 to 4.5-fold increase in total brain glutamine and lactate 
but in the severe (coma) stages of  encephalopathy and 
brain oedema there was a further significant increase in 
brain lactate but no such increase in glutamine suggesting 
that impaired glucose oxidative pathways rather than in-
tracellular glutamine accumulation per se may play a more 
dominant role[101]. This is supported by data by Bernal et 
al[105] that unequivocally shows lactate to be an important 
prognostic marker in ALF[102] and data from Rose et al[106] 
in a pig model of  ALF which demonstrated using cere-
bral microdialysis that ALF animals had increased levels 
of  lactate dehydrogenase activity and mitochondrial com-
plex Ⅳ activity.

Mitogen-activated protein kinases (MAPKs) are acti-
vated by oxidative/nitrosative stress in cultured astrocytes 
exposed to ammonia and inhibition of  MAPK phos-
phorylation abrogates astrocyte swelling[107]. Activation of  
MAPKs may therefore play an important protective role 
in cell volume regulation through phosphorylation of  key 
proteins.

Water flow across cell membranes in astrocytes is 
largely dependent on aquaporin 4 (AQP4)[108]. Upregula-
tion of  AQP4 has been found to precede cell swelling in 
cultured astrocytes treated with ammonia and CsA can 

inhibit this upregulation, indicating that MPT induction 
is a key step in AQP4 upregulation in ammonia-induced 
astrocyte swelling[109]. Although it has been suggested that 
AQP4 is important in initiating signalling events associat-
ed with cerebral oedema[110], Wright et al[111] in a rat model 
of  ALF could not find any association of  the expression 
of  AQP4 with the development of  brain oedema, hyper-
ammonemia or sepsis. The exact role of  AQP4 in ALF 
therefore remains hotly debated.

In recent years, ammonia-induced and swelling-indu
ced oxidative/nitrosative stress has been shown to result 
in multiple functional consequences. In addition to pro-
tein phosphorylation, oxidative/nitrosative stress can trig-
ger protein tyrosine nitration, RNA oxidation and altered 
zinc metabolism, which can lead to changes in gene ex-
pression, intracellular signalling and synaptic plasticity[112]. 
Furthermore, nitration of  glutamine synthetase inactivates 
the enzyme[113], which suggests this regulatory mechanism 
leads to reduced glutamine production and therefore as-
trocyte swelling (Figure 2).

VASOGENIC OEDEMA AND BLOOD-
BRAIN BARRIER DYSFUNCTION
The BBB plays a critical role in establishing and main-
taining homeostasis of  the brain. It exerts tight control 
over any exchange of  metabolites between the circulating 
blood and the central nervous system. The BBB con-
sists of  brain capillary endothelial cells, pericytes and the 
enveloping end foot processes of  astrocytes. Together 
they form a neurovascular unit capable of  regulating 
the special composition of  the CNS fluid[114]. The main 
structural constituent of  the BBB, and the first to come 
into direct contact with potentially toxic substances, is the 
endothelial cell. By spreading itself  to cover the entire lu-
minal surface of  the capillary and sealing its two surface 
edges with junctional complexes known as tight junctions 
(TJ), the endothelial cell forms a physical barrier. These 
tight junctions consist of  transmembrane proteins, in-
cluding junctional adhesion molecules (JAM), occludin, 
claudins and intracellular proteins [zona occludin (ZO)-1, 
-2, and -3] linked to the cytoskeleton which control the 
stability and functioning of  the TJ. Together with adhe-
rens junctions located in the basal region below the TJ, 
they prevent circulating compounds from freely entering 
the brain parenchyma and limit paracellular diffusion of  
small molecules. Transport of  larger molecules into the 
brain occurs in a transcellular fashion utilising specific 
transport systems within endothelial cells. Water is able 
to diffuse through the bilayer of  endothelial cell plasma 
membranes but can also enter the brain through water 
channels known as aquaporins, the predominant one in 
the brain being AQP4[108].

Recent MRI studies of  patients with ALF demon-
strate evidence of  interstitial brain oedema as well as 
cytotoxic oedema, implying there may be a vasogenic 
component to the cerebral oedema in ALF[115,116]. In an 
animal model of  ALF, astrocyte swelling, extravascular 
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and interstitial oedema have been described. However, 
brain capillary endothelial cells and their tight junctions 
appeared intact[30,117]. Similar findings were also reported 
in patients who died of  ALF[32]. Apart from an increase 
in cytoplasmic vesicles, suggesting altered transcellular 
transport across the BBB, no gross structural damage was 
found in capillary endothelial cells. Similarly, Nguyen[118] 
has described physically intact tight junctions in ALF, but 
these were lengthened and tortuous in shape. Thus, elec-
tron microscopic examination of  the BBB reveals only 
minimal ultrastructural changes in the brain capillaries of  
animals and humans with ALF.

Nevertheless, subtle increases in BBB transport of  
amino acids and energy metabolites have been widely de-
scribed in the context of  hyperammonemia[119]. Changes 
in BBB penetration of  ammonia itself  have also been 
reported in hyperammonemic states. However, the re-
sults of  these reports, which used PET with 13N-labeled 
ammonia to study BBB passage of  ammonia, are incon-
sistent[47,120,121]. Nevertheless, in animal models of  ALF, 
ammonia uptake into the brain is thought to increase[122]. 
Investigating possible changes in BBB permeability to 
ammonia has been hampered by the recent discovery that 
ammonia may be able to cross the BBB via two possible 
routes, and it is not known which of  the two may be af-
fected in hyperammoneamic states. Circulating ammonia 
is largely present as a cation (NH4

+) and transport across 
the BBB was originally considered to occur via diffusion 
in its gaseous form (NH3), the amount of  which is rather 

small at physiological pH levels[45]. In ALF, due to the 
acidosis caused by lactic acid, the amount of  NH3 and 
hence its diffusion across the BBB would be expected to 
be reduced still further. The electric charge of  the ionic 
form was thought to prevent ammonia transport across 
the BBB, but now an alternative, transcellular route, 
through potassium channels and transporters, has been 
suggested[123]. This transcellular transport of  ammonia 
may be affected in ALF, resulting in increased ammonia 
concentrations within the CNS. Pathological increases in 
BBB permeability could also result in gaseous ammonia 
entering the brain via a paracellular route.

Although there has been little evidence for a com-
plete BBB breakdown, findings from more recent studies 
suggest vasogenic oedema may still contribute to the de-
velopment of  cerebral oedema in ALF. Nguyen and col-
leagues used Evans blue dye, which binds to albumin and 
is normally unable to penetrate the BBB, and injected it 
into the circulation of  mice with azoxymethane-induced 
ALF to assess brain extravasation. They found that BBB 
permeability to Evans blue dye and water was significant-
ly increased in mice with experimentally-induced ALF. 
Under electron microscopy, they noted that the leakage 
of  Evans blue dye, i.e., extravasation, occurred mostly in 
the surrounding region of  the brain capillaries. Consist-
ent with previous findings, the BBB and tight junctions 
were found to be structurally intact[124]. Furthermore, 
they were able to demonstrate that BBB permeability and 
brain water was reduced in ALF mice given monoclonal 

Glutamine Ammonia

NMDA-R

Ca2+

RNOS formation

Oxidative/
nitrosative stress

MPT

Mitochondrial 
dysfunction

Energy failure

Glutamate

Phosphorylation 
of MAPKs Astrocyte swelling

Dysfunction of 
volume regulation

Self-amplifying loop

CsA

Figure 2  The role of oxidative stress, mitochondrial permeability transition and energy failure in ammonia-induced neurotoxicity. A schematic representa-
tion of the central role that ammonia plays in the production of oxidative/nitrosative stress and astrocyte swelling. Ammonia-induced astrocyte swelling is mediated by 
oxidative and nitrosative stress resulting in the induction of the MPT, activation of intracellular signaling kinases and alterations in gene expression. Mitochondrial dys-
function and energy failure culminates in astrocytes failing to regulate their cell volume, thereby resulting in astrocyte swelling. NMDA-R: N-methyl-D-aspartate-receptor; 
RNOS: Reactive nitrogen and oxygen species; MPT: Mitochondrial permeability transition; MAPKs: Mitogen-activated protein kinases; CsA: Cyclosporine A. 

Scott TR et al . Cerebral oedema in acute liver failure



9247 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

antibodies specific for active matrix metalloproteinase-9 
(MMP-9), a member of  the matrix metalloproteinase 
(MMP) family of  endopeptidase enzymes that degrade 
the extracellular matrix in normal and disease states. 
MMP-9 in particular, causes protein degradation of  tight 
junctions and is upregulated in the liver of  ALF mice. 
Increased blood concentrations of  MMP-9 can also be 
found. These findings collectively show increased BBB 
permeation to water and plasma constituents in experi-
mental ALF mice and suggest that BBB dysfunction is 
associated with protein deregulation in tight junctions 
but not necessarily with a structural breakdown. Circulat-
ing MMP-9 derived from the necrotic liver contributes 
to fine perturbation in BBB integrity and increased brain 
extravasation in mice with azoxymethane-induced ALF 
and inhibition of  MMP-9 may be useful in preventing 
the development of  brain oedema. Chen et al[125] further 
demonstrated that MMP-9 induces significant degrada-
tion of  the TJ proteins occludin and claudin-5 in brain 
endothelial cells in vitro and in mice with azoxymethane-
induced ALF; these alterations in TJ proteins correlated 
with increased BBB permeability and were reversed by 
inhibiting MMP-9. Chen et al[126]went on to demonstrate 
that MMP-9 induces activation of  the epidermal growth 
factor receptor (EGFR) and p38 mitogen activated pro-
tein kinase/nuclear factor-κB (MAPK/NFκB) in brain 
endothelial cells. Activation of  this pathway in turn leads 
to degradation of  the TJ protein occludin and deregula-
tion of  the TJ. Taken together, these findings suggest 
that substances derived from the injured liver, such as 
MMP-9, reach the BBB and induce increased permeabil-
ity through subtle changes in TJ composition (Figure 3). 

An important role for a vasogenic mechanism in the de-
velopment of  cerebral oedema in ALF is thus supported 
by these studies.

Interestingly, activation of  the p38 MAPK pathway 
as a result of  oxidative/nitrosative stress is also thought 
to mediate ammonia-induced astrocyte swelling[107]. The 
p38 MAPK pathway and subsequent phosphorylation 
of  key proteins appears to play an important role in the 
pathophysiology of  cell swelling[127,128] and thus cerebral 
oedema, and therefore, this pathway may be a potential 
therapeutic target.

In recent years, there has been some controversy as 
to whether ALF per se causes the changes seen within the 
BBB integrity or whether these changes are due to sec-
ondary complications associated with ALF such as infec-
tion and sepsis[129]. Consistent with this viewpoint is the 
evidence that neurosteroid biosynthesis is increased in the 
brains of  rats with ALF[130] and that these neurosteroids 
protect against BBB breakdown induced by ammonia[131]. 
Jayakumar et al[132] have also reported neuroprotective ef-
fects of  neurosteroids in some models of  ALF but not in 
all suggesting that there may be differences in outcomes 
depending on which hepatotoxin-induced ALF model is 
used and that this may explain the inconsistent reports 
on BBB breakdown in ALF.

TREATMENT OF CEREBRAL OEDEMA IN 
ACUTE LIVER FAILURE
Management principles
In the absence of  overt HE patients in the early stages 
of  ALF may be observed and managed conservatively. 
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Figure 3  Blood-brain barrier dysfunction in acute liver failure. Anatomy of the blood-brain barrier (BBB) created by the brain capillary endothelial cell and its para-
cellular tight junction and adherens junction. In acute liver failure, activation of epidermal growth factor receptor (EGFR) and other signaling pathways results in a loss 
of BBB tight junction integrity. Tight junctional proteins are altered, resulting in increased permeability to small molecules, leading to astrocyte swelling. MMP-9: Matrix 
metalloproteinase-9; MAPK p38: Mitogen activated protein kinase p38; NFκB: Nuclear factor-κB. 
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However such patients are susceptible to extrahepatic 
manifestations including the development of  multiorgan 
dysfunction, acute kidney injury and infections[21] both of  
which can accelerate the development of  advanced HE 
and brain oedema[8]. Frequent clinical and neurological 
examinations, concentrating on pupil size, coma grade, 
evidence of  delirium and reflexes, are imperative to de-
tect features which may herald the development of  brain 
oedema. The development of  grade 3/4 coma, indicative 
of  impending raised intracranial pressure (ICP), typically 
necessitates intubation and ventilation[133]. ICH should 
be suspected in patients with sudden onset systemic 
hypertension, changes in pupillary reactivity, abnormal 
oculovestibular reflexes or decerebrate posturing. ICH 
becomes problematic when the ICP is above 20 mmHg 
due to the risk of  compromising cerebral perfusion pres-
sure. Ultimately severe ICH can result in brain stem com-
pression causing ischaemia, haemorrhage and death[134].

Transcranial doppler ultrasonography is a non-inva-
sive device which can continuously measure middle cere-
bral artery blood flow velocity, producing a velocity-time 
waveform that indirectly monitors changes in cerebral 
hemodynamics, including ICP avoiding the complica-
tions associated with more invasive monitoring devices 
which include haemorrhage and infection. In a small 
retrospective study of  16 patients with ALF four features 
in the waveform were found to capture the cerebral he-
modynamic state and potentially can be used to predict 
dynamic changes in ICP or CPP. This included the slope 
of  the Windkessel upstroke, the slope of  the Windkes-
sel downstroke, the slope of  the diastolic downstroke, 
and the angle between the end systolic downstroke and 
start diastolic upstroke[135]. ICP monitoring, involving 
intracranial bolt insertion, is used in patients who are at 
high risk for the development of  ICH. ICP monitoring is 
indicated in a subset of  patients with grade 3/4 coma[136] 
(Glasgow Coma Scale < 8) who also display a combina-
tion of  the following features; fever and tachycardia, 
arterial ammonia > 150 μmol/L, hyponatraemia, seizures 
or pupillary abnormalities, acute/hyperacute liver failure, 
vasopressor requirement, are less than age 40 or have 
jugular venous oxygen saturations or have middle cere-
bral artery doppler monitoring indicative of  a very high 
or very low cerebral blood flow[8]. Additionally reverse 
jugular vein oxygen saturation should also be monitored, 
which gives an indication of  cerebral oxygenation and 
metabolism which is often reduced as a result of  the loss 
of  CBF autoregulation in patients with ALF[15]. In terms 
of  imaging the brain for evidence of  cerebral oedema, 
computed tomography is only of  benefit if  cerebral her-
niation or intracranial bleeding is suspected and has no 
role in the routine surveillance. Electroencephalography 
is very useful for the detection of  subclinical seizures and 
to measure brain activity in comatose patients, but due to 
its lack of  specificity it is not employed routinely to diag-
nose encephalopathy or cerebral oedema[8].

Metabolic changes contributing to the development 
of  raised ICP in ALF can be monitored utilizing in vivo 

cerebral microdialysis and have been documented in 
research settings in human ALF but this technique is cur-
rently only reserved for experimental studies and is not 
used in routine clinical settings[137].

Specific therapies
The treatment of  cerebral oedema is aimed at preventing 
infection, reducing or controlling inflammation, ensuring 
sufficient sedation and correcting hypo-osmolality. The 
objective of  ICH management is to maintain the ICP at 
less than 20 mmHg and to keep the cerebral perfusion 
pressure over 70 mmHg although this can be very diffi-
cult to practically achieve and the evidence base in human 
ALF to support such strategies is very limited. Patients 
are nursed in the 20°-30° head-up position favouring ve-
nous drainage to reduce ICP whilst maintaining cerebral 
perfusion pressure. Hypoxaemia should be avoided with 
target arterial oxygenation of  above 95%. Patients with 
grade 3 encephalopathy and above should be intubated 
and ventilated. Propofol and other short acting sedatives 
are commonly utilised to ease mechanical ventilation and 
reduce seizure risk. Opiates, such as fentanyl, are often 
used for analgesia[133]. Most patients are normoventilated 
but hyperventilation is employed in those displaying signs 
indicative of  imminent cerebral herniation, such as pupil-
lary dilatation and extensor posturing. Hyperventilation 
results in reduced ICP by inducing hypocapnia which 
causes precapillary vasoconstriction decreasing CBF[17].

Patients should be adequately fluid resuscitated. 
Plasma volume expansion results in a significant reduc-
tion in plasma ammonia concentration by increasing 
urinary ammonia excretion[138]. Hypertension can reduce 
cerebral perfusion pressure by increasing intracranial 
blood volume and is best avoided; sedation can help to 
combat this. Arterial hypotension, especially in the pres-
ence of  reduced cerebral blood flow autoregulation, will 
also compromise cerebral perfusion pressure. Theoreti-
cally, diastolic blood pressure should be kept > 40 mmHg 
higher than the ICP in patients with severe cerebral 
oedema and ICH who have ICP bolt monitoring in situ 
to guarantee adequate CBF but again this is often hard 
to achieve in practice[139]. Vasopressors, commonly nor-
adrenaline, may be necessary to maintain this.

Hyponatraemia should be corrected. Background hyper
tonic saline (30%) infusions are used to induce and main-
tain serum sodium levels between 145 and 150 mmol/L 
thus maintaining the BBB osmotic pressure gradient[140]. 
Hypertonic saline acts as a dehydrating agent reducing 
brain water content and subsequently lowers ICP. Man-
nitol may also be used for the same purpose but it may 
be more rational to use hypertonic saline instead of  
mannitol as the BBB has a reflection coefficient of  1 for 
sodium chloride vs 0.9 for mannitol making it more ef-
ficient to exclude saline from the brain. It is also recom-
mended that serum osmolarity be maintained at < 320 
mOsm/L. Boluses of  hypertonic saline or mannitol are 
used for sustained increases in ICP (> 25 mmHg) but re-
sistant rises in ICP may be treated with indomethacin[141] 
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or hypothermia[142]. Indomethacin (a non-selective cyclo-
oxygenase inhibitor) induces cerebral vasoconstriction by 
inhibiting the endothelial cyclooxygenase pathway, reduc-
ing cerebral temperature and modifying extracellular pH. 
However, it has a number of  adverse effects, including 
nephrotoxicity, platelet dysfunction and gastrointestinal 
bleeding, and therefore its use in ALF patients is limited 
to when all other management options to reduce ICP 
have been exhausted[8]. Moderate hypothermia (32-34  ℃) 
may be useful in patients with resistant ICH awaiting 
liver transplantation by decreasing brain ammonia up-
take and also through its role in reducing brain cytokine 
production, OS and CBF[143]. Barbiturates are postulated 
to reduce brain metabolism and consequently lead to a 
decrease in cerebral blood volume. Thiopental infusion 
has been shown to be efficacious in 14 patients with ALF 
as measured by extradural transducers with minimal side 
effects although additional data in the context of  human 
ALF is scarce[144]. However, due to their hepatic metabo-
lism and negative inotropic effects they are only used to 
reduce ICP surges as a last resort[8].

ALF has many similarities to septic shock[145] and 
there is evidence that patients exhibiting a systemic in-
flammatory response progress more rapidly to severe en-
cephalopathy[21]. Broad spectrum intravenous antibiotics 
and antifungals are therefore used empirically to reduce 
the risk of  sepsis and development of  severe encepha-
lopathy.

Intravenous N-acetylcysteine (NAC) is now considered 
as standard of  care in the treatment of  acetaminophen-
induced and non-acetaminophen induced ALF as it acts 
as both as an antioxidant and anti-inflammatory agent. 
Early administration of  intravenous NAC after an over-
dose of  acetaminophen replenishes glutathione stores 
and helps to alleviate hepatic necrosis[146]. NAC also has 
beneficial hemodynamic effects and has been shown 
to improve cerebral perfusion pressure[147] mediated by 
enhanced activity of  the nitric oxide soluble cyclic GMP 
system[76].

Ultimately emergency liver transplantation reverses 
cerebral oedema, although a variety of  neurological 
manifestations including intracerebral haemorrhage and 
seizures, precipitated by cerebral hypoperfusion, coagu-
lopathy and transfusion may still occur post-operatively. 
If  the graft is functioning well ICH is expected to resolve 
48 h post-transplant[148,149].

Bernal et al[7] reviewed 3305 patients with acute liver 
dysfunction from 1973-2008 and found a significant 
reduction in the proportion of  patients with ICH (from 
76% in 1984-1988 to 20% in 2004-2008 (P < 0.0001)). 
Furthermore, mortality of  patients with ICH decreased 
from 95% to 55% (P < 0.0001). The cause for this im-
provement is likely to be multifactorial. Patients now 
present and are diagnosed earlier and the prompt use of  
N-acetylcysteine, fluid resuscitation, empirical antibiot-
ics and renal replacement therapy may have reduced the 
incidence of  cerebral oedema and ICH by modulating 
principal contributory factors. Such approaches may also 

limit hepatotoxicity, reduce plasma ammonia levels and 
prevent sepsis. The more timely use of  emergency liver 
transplantation for those at greater risk may also have 
contributed to the reduction in ICH.

NOVEL THERAPIES IN DEVELOPMENT
Minocycline
Jiang et al[74] studied the use of  minocycline, a broad-
spectrum tetracycline antibiotic which has been shown 
to attenuate lipopolysaccharide-induced neuroinflamma-
tion[150], in an experimental model of  ALF[24]. They were 
able to demonstrate that it delayed the progression of  
HE and brain oedema by exerting a potent inhibitory ac-
tion on microglial activation independently of  its antimi-
crobial properties.

NMDA receptor antagonists
NMDA receptor antagonists have been shown to prevent 
the oxidative stress induced by acute ammonia intoxica-
tion[83]. This is likely to be the case as the production of  
ROS is mediated by NMDA-receptor activation in hyper-
ammonemic states[151]. Memantine is a non-competitive 
NMDA-receptor antagonist and has been shown to im-
prove EEG activity, clinical grading, ICP and brain water 
content in portocaval shunted rats infused with ammonia, 
and in rats with ALF induced by ischaemia which was in-
dependent of  ammonia concentration[152].

Endotoxin removal
An albumin replacement system with a novel endotoxin 
ligation (ARSeNEL) function has been developed at Uni-
versity College London and tested in an ALF pig model. 
Early data have reported an improvement in survival, en-
dotoxemia and ICP index which warrant further studies 
in clinical settings[153].

Novel anti-inflammatory agents
It make sense that if  agents were used to reduce the sys-
temic inflammation that is frequently seen in ALF and 
which sensitises the brain to the effects of  ammonia, 
then we might be able to prevent the development of  ce-
rebral oedema. Unfortunately however, the proinflamma-
tory response which develops in the wake of  acute liver 
injury is also key in initiating liver repair and regeneration. 
One would postulate therefore that it may be detrimen-
tal to use agents and antibodies which target prominent 
pro-inflammatory mediators. Neutrophil malfunction, 
akin to that seen in septic shock is a consistent finding in 
patients with ALF and recent data support an intimate 
relationship with hyperammonemia[127,145]. Strategies that 
target innate and adaptive immune dysfunction in ALF 
including TLR expression and production of  ROS would 
certainly be of  therapeutic interest and warrant further 
study. Granulocyte colony stimulating factor (GCSF) 
has been shown in 2 small studies to improve neutrophil 
phagocytic capability in patients with ALF[154,155] and as 
such may have utility in the prevention of  advanced HE.
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Plasmapheresis
Larsen et al[156] have previously shown that high volume 
plasmapheresis can alleviate brain oedema in some pa-
tients with ALF with favourable changes in systemic he-
modynamics despite increasing cerebral blood flow. Plas-
mapheresis may also have a positive impact on alleviating 
the systemic immune dysfunction and endothelial dys-
function that commonly develops. This was the stimulus 
for performing a randomised clinical trial of  high volume 
plasmapheresis of  which the preliminary analysed data 
suggests that it may improve survival in patients unsuit-
able for liver transplantation (verbal communication-Dr 
Finn Stolze Larsen).

CONCLUSION
This detailed review has unequivocally presented the evi-
dence to support the critical role of  the neurotoxin am-
monia in the development of  astrocyte swelling and cyto-
toxic oedema in ALF. Although a generalised breakdown 
of  the BBB cannot be demonstrated in patients with 
ALF, more recent studies have described a “leaky” BBB 
resulting from subtle changes in the integrity of  the tight 
junctions, supporting a role of  a vasogenic component in 
the pathophysiology of  cerebral oedema in ALF.

Exactly how both cytotoxic and vasogenic mecha-
nisms interact to bring about cerebral oedema in ALF, 
and the extent of  their involvement, remains unknown. 
Moreover, the sequence of  events is unclear. Is BBB 
dysfunction the result of  a cytotoxic insult or is cytotoxic 
oedema a consequence of  increased BBB permeability? 
It has been postulated that increased BBB permeability 
to small molecules such as water and ammonia arises 
as a result of  BBB dysfunction as an initial event in the 
pathophysiology of  brain oedema in ALF. Increased 
BBB permeability may then invoke vasogenic oedema. 
The subsequent development of  ammonia neurotoxicity 
and cytotoxic oedema may then occur as a downstream 
manifestation. This sequence of  events is supported by 
the observation that in rats with ALF an early increase 
in BBB permeability correlates with increased ICP and 
results in vasogenic oedema followed by a progressive 
increase in brain ammonia and glutamine levels[157]. How-
ever, it is difficult to determine to what extent these data 
definitively support a vasogenic mechanism in ALF. For 
example, the potency of  mannitol in treating ICH in the 
context of  cerebral oedema in patients with ALF sup-
ports the BBB being intact and the predominant mecha-
nism being a cytotoxic one. Another possibility however, 
is that certain brain areas may behave respond differently 
to others. For example, Cauli et al[157] were able to show 
in a rodent experimental ALF model that the mechanism 
and time course of  the appearance of  brain oedema dif-
fered between 12 different brain regions with the cerebel-
lum showing predominantly vasogenic oedema whilst the 
frontal cortex exhibited cytotoxic oedema.

The syndrome of  ALF arises in the context of  vari-
ous aetiological toxic insults to the liver and is frequently 
associated with the development of  multiple organ 

dysfunction and sepsis. It is not known how these mani-
festations independently impact on BBB integrity and 
function. Furthermore, the liver toxins utilised in the 
various animal ALF models could directly affect the BBB 
independently of  ALF. Changes to the BBB in ALF are 
very different in nature to that seen in brain ischemia or 
traumatic brain injury, where complete BBB breakdown 
is commonly observed. The mechanisms underpinning 
cerebral oedema in ALF are therefore also different and 
therapeutic interventions that are beneficial in other types 
of  brain injury may not be useful in the treatment of  
ALF.

It is clear that the development of  more effective 
therapies in ALF will require further knowledge of  the 
pathophysiology of  cerebral oedema, which is a dev-
astating and frequently fatal feature of  ALF. Greater 
knowledge of  the sequence of  events and key mediators 
involved in the development of  brain oedema will allow 
for specific targets to be identified.
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Abstract
Curcumin is a low-molecular-weight hydrophobic poly-
phenol that is extracted from turmeric, which pos-
sesses a wide range of biological properties including 
anti-inflammatory, anti-oxidant, anti-proliferative and 
anti-microbial activities. Despite its diverse targets and 
substantial safety, clinical applications of this molecule 
for digestive disorders have been largely limited to 
case series or small clinical trials. The poor bioavailabil-
ity of curcumin is likely the major hurdle for its more 
widespread use in humans. However, complexation of 
curcumin into phytosomes has recently helped to by-
pass this problem, as it has been demonstrated that 
this new lecithin formulation enables increased absorp-
tion to a level 29-fold higher than that of traditional 
curcuminoid products. This allows us to achieve much 
greater tissue substance delivery using significantly 
lower doses of curcumin than have been used in past 
clinical studies. As curcumin has already been shown to 
provide good therapeutic results in some small studies 
of both inflammatory and neoplastic bowel disorders, 
it is reasonable to anticipate an even greater efficacy 
with the advent of this new technology, which remark-
ably improves its bioavailability. These features are 
very promising and may represent a novel and effective 
therapeutic approach to both functional and organic di-
gestive diseases.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Curcumin; Curcumin-phythosome; Curcum-
in bioavailability; Digestive disorders

Core tip: Curcumin is a well-established molecule with 
multiple pharmacological activities, mainly anti-inflam-
matory and anti-proliferative. The major hurdle for a 
widespread clinical use has been represented by its 
poor bioavailability, which has been recently overcome 
by the development of a new formulation combining 
curcumin with phospholipids (curcumin-phytosome). 
This compound permits to improve markedly intestinal 
absorption of curcumin and guarantees a greater tissue 
delivery than the traditional curcuminoid mixtures. So, 
curcumin-phythosome has the potential to be exploited 
in many gastrointestinal diseases, both functional and 
organic.
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INTRODUCTION
In recent years, we have witnessed a shortage of  certain 
types of  drugs synthesized from chemical laboratories 
and a growing interest in therapeutic substances derived 
from natural plants. Curcumin represents one of  these 
compounds, and this nutraceutical has already undergone 
many experimental and clinical studies to assess its use in 
the treatment of  various human diseases. 

This polyphenol has been shown to possess anti-
inflammatory, anti-oxidant, immuno-modulatory, wound-
healing, anti-proliferative and antimicrobial activities. 
These diverse properties, together with the fact that 
curcumin is innocuous, inexpensive and easily available, 
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have sparked interest in its therapeutic application for 
several digestive disorders. Moreover, recent progress in 
the formulation of  curcumin complexes with other sub-
stances, in particular with phospholipids, has remarkably 
increased the bioavailability of  this compound, leading to 
greater absorption and a higher concentration in human 
tissues. This allows us to use lower dosages of  curcumin 
than have been used in the past, which greatly reduces 
the number of  tablets taken during the day while main-
taining no adverse side effects.

Finally, distribution studies of  curcumin in human 
tissues have shown that it preferentially accumulates in 
the intestine, colon and liver. This finding might be one 
major reason for the anticipation and observation of  its 
most promising in vivo effects in gastrointestinal diseases 
when compared with other organ systems. 

This review presents current knowledge of  the physi-
cal and molecular properties of  curcumin, its pharma-
cokinetics and metabolism, its mechanism of  action and 
results of  the few published clinical trials, as well as the 
potential therapeutic perspectives in patients with various 
digestive disorders.

Literature searches were performed in PubMed, Ovid, 
EMBASE and the Cochrane Library databases in ac-
cordance with published recommendations. We critically 
analyzed all full-text papers and reviews written in the 
English language and searched them using the terms cur-
cumin, turmeric, colorectal cancer (CRC), inflammatory 
bowel diseases (IBD), functional digestive disorders, irri-
table bowel syndrome and liver diseases. Both animal and 
human studies were reviewed. 

PHYSICAL AND MOLECULAR 
PROPERTIES OF CURCUMIN
Turmeric (the common name for Curcuma longa) is an In-

dian spice derived from the rhizomes of the plant and has 
a long history of  use in Ayurvedic medicine as a treat-
ment for inflammatory conditions[1].

The primary active constituent of  turmeric, which 
is responsible for its vibrant yellow color, is curcumin, 
which was first identified in 1910 by Lampe and Milobe-
dzka[2]. Curcumin exists as a bright yellow powder that 
provides the pigmentation of  turmeric, which is used in 
the dye industry. Turmeric is composed of  volatile oils 
(tumerone, atlantone, and zingiberone), sugars, proteins, 
resins and a group of  the following three curcuminoids: 
about 75% curcumin (diferuloylmethane), about 16% 
demethoxycurcumin (DMC), about 8% bisdemethoxyc-
urcumin (bDMC). DMC and bDMC possess similar 
molecular and biological properties. It is proposed that 
within natural pathways (Figure 1), bDMC is converted 
to DMC, which is then converted to curcumin[3].

Curcumin (or diferuloylmethane) is a poly-phenolic 
molecule that exhibits keto-enol tautomerism and has a 
predominant keto form in acidic and neutral solutions 
and a stable enol form in alkaline medium[4]. The mol-
ecule is lipophilic and consists of  two aromatic rings con-
nected by two unsaturated carbonyl groups; therefore, it 
has poor solubility in water. The molecule is stabilized by 
hydrogen-bonding associated with the central OH group. 
This may be one of  the important functional sites that is 
responsible for the array of  molecular biological activi-
ties[5]. Curcumin is photosensitive, and precautions should 
be taken to avoid exposure and subsequent degradation.

PHARMACOKINETICS AND METABOLISM 
OF CURCUMIN
Absorption and systemic bioavailability
Over the past three decades, animal studies have shown 
that curcumin is hydrolytically unstable at intestinal pH, 
rapidly metabolized, conjugated in the liver, and excreted 
in the feces. Therefore, it has limited systemic bioavail-
ability. The effects of  reduced bioavailability of  any agent 
within the body are low intrinsic activity, poor absorption, 
high rate of  metabolism, inactivity of  metabolic products 
and/or rapid elimination and clearance from the body. In 
this section, problems of  limited curcumin bioavailability 
such as low serum levels, limited tissue distribution, ap-
parent rapid metabolism and short half-life are described 
in detail.

Serum concentration 
One of  the major observations from curcumin studies is 
very low serum levels. The first reported study to exam-
ine the uptake, distribution, and excretion of  curcumin 
was by Wahlstrom and Blennow[6] in 1978 using Sprague-
Dawley rats. Negligible amounts of  curcumin in the 
blood plasma of  rats after oral administration of  1 g/kg 
of  curcumin showed that this molecule was poorly ab-
sorbed from the gut.

In 1980, Ravindranath et al[7] showed that after oral ad-
ministration of  400 mg of  curcumin in rats, no curcumin 
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Figure 1  Proposed molecular pathway for the conversion of bisdeme-
thoxycurcumin to demethoxycurcumin and finally to curcumin and the co-
existence of keto and enol isomers of curcumin.
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was found in the heart blood, whereas a trace amount (less 
than 5 μg/mL) was found in the portal blood from 15 
min to 24 h after curcumin administration.

When curcumin was given orally at a dose of  2 g/kg 
in rats, a maximum serum concentration of  1.35 ± 0.23 
μg/mL was observed after 0.83 h, whereas in humans, 
the same dose of  curcumin resulted in either undetect-
able or extremely low (0.006 ± 0.005 μg/mL at 1 h) se-
rum levels[8].

A phase Ⅰ clinical trial[9] conducted among 25 patients 
with various precancerous lesions demonstrated that oral 
doses of  4, 6 and 8 g of  curcumin administered daily for 
three months yielded serum curcumin concentrations of  
only 0.51 ± 0.11, 0.63 ± 0.06, and 1.77 ± 1.87 μm, re-
spectively. This finding indicates that curcumin is poorly 
absorbed and may have limited systemic bioavailability. 
Serum levels peaked between one and two hours after 
administration and declined rapidly thereafter. This study 
did not identify curcumin metabolites, and urinary excre-
tion of  curcumin was undetectable.

Another phase Ⅰ trial[10] involving 15 patients with 
advanced colorectal cancer administered curcumin at 
doses between 0.45 and 3.6 g daily for four months. In 
three of  six patients who were given the 3.6 g dose, the 
mean plasma curcumin measured after one hour on day 
1 was 11.1 ± 0.6 nmol/L. This measurement remained 
relatively consistent at all-time points measured during 
the first month of  curcumin therapy. The molecule was 
not detected in the plasma of  patients taking lower doses.

A very recent study by Yang et al[11] showed that 10 
mg/kg of  curcumin given iv in rats yielded a maximum 
serum curcumin level of  0.36 ± 0.05 μg/mL, whereas a 
50-fold higher curcumin dose administered orally yielded 
a maximum serum level of  only 0.06 ± 0.01 μg/mL.

These studies clearly suggest that the route of  admin-
istration affects achievable serum levels of  curcumin, and 
they further indicate that the serum levels of  this com-
pound in rats and in humans are not directly comparable.

Tissue distribution
The uptake and distribution of  curcumin in body tissues 
are obviously important factors determining its biological 
activity, yet a limited number of  studies have addressed 
this issue.

Ravindranath et al[7] showed that after oral administra-
tion of  400 mg of  curcumin in rats, only traces of  the 
unchanged molecule were found in the liver and kidney. 
At 30 min, 90% of  the curcumin was found in the stom-
ach and small intestine, but only 1% was present at 24 h.

Another study of  the same group evaluated the tis-
sue distribution of  curcumin using a tritium-labeled 
molecule[12]. They found that radioactivity was detectable 
in the blood, liver, and kidney following doses of  40080, 
or 10 mg of  (3H) curcumin. With 400 mg, considerable 
amounts of  the radio-labeled products were present in 
tissues 12 d after dosing. The percentage of  curcumin ab-
sorbed (60%-66% of  the given dose) remained constant 
regardless of  the dose, indicating that increased adminis-
tration of  the drug does not result in greater absorption. 

Similarly, the concentrations of  curcumin in normal 
and malignant colorectal tissue of  patients receiving 
3600 mg of  the compound were 12.7 ± 5.7 and 7.7 ± 
1.8 nmol/g, respectively, and these doses had pharma-
cological activity in the colorectum as measured by their 
effects on levels of  M(1)G and cyclooxygenase-2 (COX-2) 
protein[13]. Another study by the same authors showed 
no curcumin in the liver tissue of  patients with hepatic 
metastases from colorectal cancer who received 450-3600 
mg of  curcumin daily for 1 wk prior to surgery[14].

Metabolites 
Various studies have evaluated the metabolism of  cur-
cumin in rodents and in humans. Once absorbed, cur-
cumin is subjected to conjugations such as sulfation and 
glucuronidation at various tissue sites. The very first bio-
distribution study reported the metabolism of  the major 
part of  curcumin orally administered in rats[6]. The liver 
was indicated as the major organ responsible for metabo-
lism of  this drug[15].

Holder et al[16] reported that the major biliary me-
tabolites of  curcumin in rats are glucuronides of  tetrahy-
drocurcumin (THC) and hexahydrocurcumin. A minor 
biliary metabolite was dihydroferulic acid together with 
traces of  ferulic acid. In addition to glucuronides, sulfate 
conjugates were found in the urine of  curcumin-treated 
mice[13].

Asai et al[17] evaluated the absorption and metabolism 
of  orally administered curcumin in rats. The enzymatic 
hydrolysis of  plasma samples showed that the predomi-
nant metabolites in plasma following oral administration 
were glucuronides/sulfates of  curcumin. The plasma 
concentrations of  conjugated curcuminoids reached a 
maximum at 1 h after administration. The presence of  
conjugative enzyme activities for glucuronidation and 
sulfation of  curcumin in the liver, kidney and intestinal 
mucosa suggests that orally administered curcumin is 
absorbed from the alimentary tract and is present in the 
general blood circulation after largely being metabolized 
to form glucuronide/sulfate conjugates.

Whether curcumin metabolites are as active as cur-
cumin itself  is not clear[18-20]. While most studies indicate 
that curcumin glucuronides and THC are less active than 
curcumin itself, other studies suggest that they may actu-
ally be more active than curcumin[19‑21].

Half-life 
Systemic elimination or clearance of  curcumin from 
the body is another important factor that determines 
its relative biological activity. Wahlstrom and Blennow[6] 
reported that when 1 g/kg curcumin was given orally to 
rats, 75% of  it was excreted in the feces, and negligible 
amounts were found in the urine. Intravenous (iv) and 
intraperitoneal (ip) administration of  curcumin resulted in 
biliary excretion of  the molecule from cannulated rats.

A clinical study of  15 patients receiving oral curcumin 
in doses between 36 and 180 mg daily for up to 4 mo 
found neither curcumin nor its metabolites in urine, but 
the drug was recovered from feces[22]. The absorption and 
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preparation (Meriva®, Indena Spa, Milan, Italy) has been 
tested against an equivalent non-phytosome curcumin 
extract by Marczylo et al[25]. These authors administered 
equivalent dosages (340 mg of  curcumin) of  curcumin or 
curcumin phytosome preparation to rats and reported a 
dramatic increase in the bioavailability among the animals 
that received the curcumin phytosome preparation (Figure 
3). Peak plasma levels of  curcumin were approximately 

elimination half-lives of  orally administered curcumin (2 
g/kg) in rats were reported to be 0.31 ± 0.07 and 1.7 ± 0.5 
h, respectively. However, in humans, the same dose of  
curcumin did not allow the calculation of  these half-life 
values because the serum curcumin levels were below the 
detection limit at the majority of  time points in most of  
the experimental subjects. 

The existing evidence in the literature is not sufficient 
to make conclusions about the factors controlling the in 
vivo elimination half-life of  curcumin, and future studies 
are warranted to address this issue.

METHODS TO OVERCOME THE 
TRADITIONAL LOW BIOAVAILABILITY 
OF CURCUMIN
Because of  the above-mentioned poor bioavailability, 
which limits the therapeutic usefulness of  curcumin, 
many attempts have been made to improve oral absorp-
tion of  the compound[23]. Among them, the complex-
ation of  curcumin with phospholipids using so-called 
phytosome technology has emerged as one of  the most 
documented approaches from a preclinical and clinical 
standpoint.

Phytosome technology was developed in 1989 (Fig-
ure 2). Water-soluble phytosomes can be converted into 
a lipid-compatible molecular complex. Phytosomes are 
more available than uncomplexed products due to their 
enhanced capacity to cross the lipid biomembranes and 
to reach the systemic circulation[24]. 

It is inferred that, at the intestinal level, the water-
miscible phosphatidylcholine (PC) molecules enhance the 
dispersion of  the poorly water-soluble polyphenol mole-
cules into the water-soluble environment of  the gastroin-
testinal lumen. PC further enhances transfer from the lu-
men into the lipid-soluble environment of  the outer cell 
membrane of  the epithelial absorptive cells (enterocytes). 
The enterocyte outer membrane has a lipid molecular bi-
layer that consists largely of  PC. It is feasible that the PC 
in the phytosome merges into this PC domain of  the en-
terocyte membrane, and by carrying the polyphenol with 
it, the PC “ushers” the polyphenol into the cell.

The bioavailability of  the curcumin phytosome (CP) 

Figure 2  Phytosome molecular complex.
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5-fold higher for CP than for traditional curcumin. 
Plasma levels of  curcumin sulfate and curcumin glucuro-
nide observed after the administration of  CP were 3- to 
20-fold higher, respectively, than those observed after the 
administration of  uncomplexed curcumin. In the same 
study, significant amounts of  curcumin were also mea-
sured at the tissue level and were found to have particular 
relevance for the liver and intestine.

More recently, Cuomo et al[26] reported the results of  
a comparative pharmacokinetic study of  healthy volun-
teers. In this randomized, double-blind, cross-over study, 
subjects received curcumin and the CP formulation at 2 
dosage levels (209 and 376 total curcuminoids). The aver-
age dose-related absorption of  curcumin following the 2 
doses of  CP was approximately 18-fold higher than the 
absorption of  the reference curcumin. Moreover, the ab-
sorption of  total curcuminoids was approximately 29-fold 
higher for CP in comparison with the unformulated refer-
ence, as the plasma concentration of  demethoxycurcumin 
and bis-demethoxycurcumin from the former compound 
was approximately 50- to 60-fold higher than the concen-
tration from the unformulated curcumin (Table 1).

CP is a powder that contains 20% curcumin, 40% mi-
crocrystalline cellulose and 40% phospholipids. It is uti-
lized as an active ingredient in several food supplements 
in different markets. The product is available in various 
formulations including hard gel capsules and tablets. In 

Italy, for example, the product has been developed as 
500-mg tablets that combine CP with some dissolving 
substances (Curcusol) under the name Norflo® (Eyeph-
arm, Genoa, Italy). These tablets dissolve very rapidly in 
the first part of  the intestine, favoring the formation of  
an emulsion with bile acids (Figure 4), which permits al-
most complete absorption of  phospholipids (unpublished 
data). The use of  this formulation overcomes the risk 
that undissolved tablets may pass through the entire in-
testine and be eliminated in the feces either intact or only 
partially dissolved. 

CP has been widely documented in several health set-
tings, but few studies have focused on gastrointestinal 
disorders, which, nevertheless, seem to be a very prom-
ising therapeutic area. From this perspective, a colon-
targeted delivery preparation could further optimize the 
clinical effects. 

TOXICITY AND TOLERABILITY OF 
CURCUMIN
Curcumin has been reported to be safe in many human 
studies, and only minimal toxicity has been associated 
with this polyphenol[27]. In a dose escalation study among 
34 healthy volunteers, in whom the doses of  curcumin 
ranged from 500 to 12000 mg, safety was assessed after 
72 h. Only 7 subjects complained of  disturbances, which 
were mild and included headache, skin rash, diarrhea and 
yellow stool[9]. In another investigation lasting for 1-4 
mo, escalating doses of  curcumin from 0.45 to 3.6 g/d 
found rare instances of  nausea and diarrhea, as well as 
an increase in alkaline phosphatase and LDH[10]. Some 
patients treated with doses as high as 8 g/d for 2 wk re-
ported abdominal pain and complained about the bulky 
volume of  the tablets[28]. As curcumin is particularly con-
centrated in the human liver, the risk of  hepatotoxicity 
has been closely evaluated, but liver function tests have 
been shown to be unaffected with doses as high as 2-4 
g/d[29]. As one of  the most documented bioavailable cur-
cumin formulations, the CP formulation has been widely 
employed in the clinical setting with a daily dosage rang-

  Curcuminoid Formulation AUC (ng/mL) Cmax (ng/mL) t max (h) Relative absorption2

  Curcumin (1a) Curcuminphytosome high   538.0 ± 130.7   50.3 ± 12.7 3.8 ± 0.6   19.21

Curcuminphytosome low   272.6 ± 68.52 24.2 ± 5.9 4.2 ± 0.8   17.53

Reference 122.5 ± 29.3   9.0 ± 2.8 6.9 ± 2.2 1
  Demethoxycurcumin (1b) Curcuminphytosome high   655.0 ± 195.7 134.6 ± 40.6 2.4 ± 0.3   68.34

Curcuminphytosome low   297.4 ± 107.3   39.1 ± 11.4 3.1 ± 0.4   55.54

Reference   55.8 ± 15.5   4.2 ± 1.1 4.4 ± 1.0 1
  Bisdemethoxycurcumin (1c) Curcuminphytosome high 142.2 ± 58.2 24.9 ± 8.1 2.2 ± 0.4   56.85

Curcuminphytosome low   70.1 ± 34.3   8.8 ± 3.1 2.4 ± 0.6   53.15

Reference   24.6 ± 10.3   2.1 ± 0.8 3.4 ± 1.2 1
  Total curcuminoids Curcuminphytosome high 1336.0 ± 357.1 206.9 ± 54.9 2.7 ± 0.3   31.56

Curcuminphytosome low   640.2 ± 197.7   68.9 ± 16.9 3.3 ± 0.3   27.26

Reference 202.8 ± 53.8 14.4 ± 4.2 6.9 ± 2.2 1

Table 1  Pharmacokinetics parameters in healthy volunteers after administration of curcuminphytosomes or unformulated curcumin

1Actual results not baseline subtracted, and errors are standard error of the mean ± SE; 2Area under the curve (AUC) normalized; 3Average: 18.3; 4Average: 
61.9; 5Average: 54.1; 6Average: 29.l4.

Figure 4  Image of Norflo® tablet in water after few seconds.
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ing between 1 and 2 g, and this preparation has shown 
good tolerability and compliance, even in medium-term 
trials. However, we must stress that studies of  more than 
6 mo of  treatment are lacking, and it is not possible to 
draw any firm conclusions regarding the long-term safety 
profile of  this compound. 

MECHANISMS OF ACTION AGAINST 
INFLAMMATORY AND NEOPLASTIC 
CONDITIONS
Anti-inflammatory mechanisms
Curcumin is a highly pleiotropic molecule capable of  
interacting with numerous molecular targets involved in 
inflammation. It has been proposed that this compound 
modulates the inflammatory response by the following 
mechanisms[30,31]: (1) Down-regulation of  COX-2, lipoxy-
genase, and inducible nitric oxide synthase (iNOS) en-
zymes; (2) Inhibition of  the inflammatory cytokines, tu-
mor necrosis factor-alpha (TNF-a), interleukin (IL)-1, -2, 
-6, -8, and -12, monocyte chemoattractant protein, and 
migration inhibitory protein; and (3) Down-regulation of  
mitogen-activated and Janus kinases.

COX-2 inhibition and iNOS inhibition are likely 
achieved via curcumin suppression of  nuclear factor 
kappa B (NF-κB) activation. NF-κB is a ubiquitous eu-
karyotic transcription factor involved in the regulation of  
inflammation, cellular proliferation, transformation, and 
tumorigenesis[32]. NF-κB is not a single gene but rather 
a family of  interrelated transcription factors that include 
the following five genes: NF-κB1 (p50/p105), NF-κB2 
(p52/p100), RelA (p65), c-Rel, and RelB[33]. The member 
proteins form homo- or heterodimers, of  which the p50/
p65 heterodimer is the most abundant and is responsible 
for the majority of  NF-κB canonical transcriptional activ-
ity. Generally, NF-κB dimers associate with an inhibitory-
κB (IκB-α) protein that keeps the dimer in the cytoplasm 
in an inactive state.

NF-κB activation begins with the activation of  an 
IκB kinase (IKK) complex that consists of  catalytic 
subunits IKK-α and IKK-β and the scaffolding subunit 
IKK-γ (the NF-κB essential modifier)[34]. Several mito-
gen-activated protein (MAP) kinases that also include 
NF-κB-inducing kinase (NIK) activate IKK through 
the phosphorylation of  IKK-α and IKK-β. IKK-β has 
higher activity than IKK-α for IκB-α and is considered 
important in the canonical pathway.

In the canonical pathway, as shown in Figure 4, phos-
phorylation of  I-kappa B kinase (IκB) kinase α/β by 
mitogen-activated protein kinase (MAPK) is followed by 
phosphorylation of  IκB-α, which occurs in an inactive 
complex with p50/p65. Phosphorylated IκB-α is released 
and degraded in the cytoplasm. The active heterodimer 
of  p50/p65 enters the nucleus to regulate expression of  
multiple genes[35].

Curcumin is thought to suppress NF-κB activation 
and proinflammatory gene expression by blocking phos-

phorylation of  inhibitory factor IκB. Suppression of  
NF-κB activation subsequently down-regulates COX-2 
and iNOS expression, thus inhibiting the inflammatory 
process and tumorigenesis[33]. In an animal model of  in-
flammation, curcumin also inhibited arachidonic acid me-
tabolism and inflammation in mouse skin epidermis via 
down-regulation of  the cyclooxygenase and lipoxygenase 
pathways[36].

In vitro studies indicate that curcumin inhibition of  
inflammatory cytokines is achieved through suppression 
of  cytokine gene expression and down-regulation of  in-
tercellular signaling proteins, such as protein kinase C[36].

Curcumin anticancer effects
There has been some promising research concerning 
curcumin as a safe therapeutic agent for many cancers, 
including colorectal cancer. This has been shown through 
various studies in cell cultures, animal models, and hu-
mans[2,37]. 

Carcinogenesis is a complex process mainly consist-
ing of  the following three phases: initiation, promotion, 
and progression[38]. There is suggestive evidence that 
inflammation may play a role in the three phases of  car-
cinogenesis[39]. Cancer initiation is produced by oxidative 
stress and chronic inflammation[2]. Inflammation acts as 
a key regulator in the promotion of  these initiated cells, 
possibly by providing them with proliferating signals and 
by preventing apoptosis[40]. The role of  inflammation in 
tumor induction and subsequent malignant progression 
has also been investigated[41]. An inflammatory response 
produces cytokines, which act as growth and/or angio-
genic factors, leading transformed cells to proliferate and 
undergo promotion. Leukocytes produce cytokines and 
angiogenic factors as well as matrix-degrading proteases 
that allow the tumor cells to proliferate, invade, and me-
tastasize. Tumor-infiltrating lymphocytes secrete matrix-
degrading proteinases such as matrix metallo-peptidase 
9 (MMP-9) and thus promote neoplastic proliferation, 
angiogenesis, and invasion[42].

These details demonstrate the role of  inflammation in 
all three stages of  carcinogenesis. Substantial evidence for 
the role of  inflammation in cancer is provided by the fre-
quent up-regulation of  inflammatory mediators such as 
NF-κB. The pathways activated by NF-κB up-regulators 
are implicated not only in tumor growth and progression 
but also in the development of  cancer cell resistance to 
anti-cancer drugs, radiation and death cytokines. NF-κB 
is an excellent target for anti-cancer therapy[43].

Effects on tumor initiation by curcumin
Curcumin has demonstrated a significant reduction in 
the levels of  iNOS, which produces oxidative stress, 
which is itself  one of  the main causes of  tumor initia-
tion. Curcumin inhibits the induction of  nitric oxide 
synthase and is a potent scavenger of  free radicals such 
as nitric oxide[44]. 

NF-κB has been implicated in the induction of  iNOS. 
Curcumin prevents phosphorylation and degradation 
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of  inhibitor κB-α and thereby blocks NF-κB activation, 
which down-regulates iNOS gene transcription[45]. Cur-
cumin was found to inhibit cell proliferation and cytokine 
production by inhibiting NF-κB target genes involved in 
this mitogen induction of  T-cell proliferation, interleukin 
IL-2 production and nitric oxide generation. The over-
expression of  cytokines, such as IL-10, IL-6, and IL-18, 
is accompanied by NF-κB induction that is controlled 
and inhibited by curcumin[46]. Curcumin has been shown 
to increase expression of  conjugation enzymes (phase Ⅱ), 
which suppress ROS-mediated NF-κB, activator protein 
1 (AP-1) and MAPK activation[47].

Tumor proliferation and progression suppression by 
curcumin
We have already mentioned that NF-κB has an important 
role in cancer initiation, promotion and progression. In 
addition to suppressing various cell survival and cell pro-
liferative genes, including Bcl-2, cyclin D1, IL-6, COX-2, 
and MMP-9, curcumin induces apoptosis, as shown by 
caspase activation and poly (ADP-ribose) polymerase-
cleavage[48-50].

Curcumin is also able to block NF-κB signaling and 
inhibit IKK activation. The suppression of  cell survival 
and cell proliferation genes, including Bcl-2, cyclin D1, 
IL-6, COX-2 and MMP, has also been noted[48,49]. It has 
been suggested that COX-2 induction is mediated by 
the NF-κB intracellular signaling pathway, and overex-
pression of  COX-2 leads to malignant cell proliferation 
and invasion[51,52]. Curcumin inhibits COX-2 expression 
by repressing degradation of  the inhibitory unit inhibi-
tor κB-α and hindering the nuclear translocation of  the 
functionally active subunit of  NF-κB, thereby blocking 
improper NF-κB activation[34].

Curcumin has been found to reduce the invasion and 
subsequent metastasis of  cancer cells. It suppresses MMP 
expression, which is believed to play a major role in me-
diating neovascularization and is increased during tumor 
progression[53].

Curcumin down-regulates MMP-9 expression by 
inhibiting NF-κB and AP-1 binding to the DNA pro-
moter region. MMP-9 is one of  the two determinants of  
neovascularization that help to form new capillaries from 
preexisting blood vessels[54].

Curcumin has been noted to cause significant inhibi-
tion of  tumor necrosis factor α-induced VCAM-1 ex-
pression, which is related to the activation of  the MAPK 
NF-κB pathway[55,56]. Curcumin has been shown to 
reduce cell migration and invasion induced by osteopon-
tin, an extracellular matrix protein, through the NF-κB 
pathway[57]. 

Curcumin may inhibit cancer cell growth through 
down-regulation of  IL-1- and IL-8-induced receptor 
internalization. It controls cancer progression by either 
blocking tumor growth or inhibiting its invasive and ag-
gressive potential. In both cases, most of  the effects are 
exerted by curcumin-induced NF-κB inhibition[57].

However, curcumin has been found to arrest the cell 

cycle and to induce apoptotic cell death through inhibi-
tion of  the Janus family of  kinase-signal transducer and 
activator of  transcription (JAK-STAT) signaling path-
way[58].

The JAK and STAT comprise an important signaling 
pathway involved in dysregulation of  cell growth, inva-
sion, angiogenesis, metastasis and resistance to apopto-
sis[59,60]. The JAK-STAT system consists of  the following 
three main components: (1) A receptor; (2) JAK; and (3) 
STAT. 

The receptor is activated by a signal from interferon, 
IL-6, growth factors, or other chemical messengers[61]. 
This activates the kinase function of  the JAKs (JAK1, 
JAK2, and JAK3), which autophosphorylation (phosphate 
groups act as ‘‘on’’ and ‘‘off ’’ switches on proteins). The 
STAT protein then binds to the phosphorylated receptor, 
where STAT is phosphorylated by JAK. The phosphory-
lated STAT protein binds to another phosphorylated 
STAT protein (dimerizes) and translocates into the cell 
nucleus. In the nucleus, it binds to DNA and promotes 
transcription of  genes responsive to STAT[62-63]. Stud-
ies have evaluated the regulators of  cytokine signaling 
including protein tyrosine phosphatases (PTPases) such 
as Src homology 2 (SH2) domain-containing PTPases 
(SHP)-1 and SHP-2. Potential roles for SHP-1 and 
SHP-2 have been investigated for their use in the control 
of  cytokine signaling through the dephosphorylation of  
JAKs and their receptors[64].

Of  the seven STAT proteins identified thus far, only 
activated STAT3 and STAT5 have been implicated in 
multiple myeloma, lymphomas, leukemias and several 
solid tumors[65]. Aberrant STAT3 signaling is an impor-
tant process in the development and progression of  can-
cer; thus, agents that block its activation have therapeutic 
potential. Rajasingh et al[66] have demonstrated that in 
vitro, treatment with curcumin induced a dose-dependent 
decrease in JAK and STAT phosphorylation, resulting 
in the induction of  growth-arrest and apoptosis in T cell 
leukemia. Curcumin reversibly inhibits STAT3 activation 
in human multiple myeloma cells and, by this mechanism, 
suppresses IL-6-induced cell proliferation[67-68]. It also in-
hibits STAT3 activation in five different human Hodgkin 
and Reed-Sternberg lymphoma cell lines[69]. 

It has been shown that curcumin inhibits lysophos-
phatidic acid-induced IL-6 and IL-8 secretion and STAT3 
phosphorylation in ovarian cancer cells[70], and curcumin 
has also been shown to have a significant effect upon 
CRC by blocking STAT3-driven cancer cell growth[69]. In 
summary, the anti-inflammatory and anticancer effects of  
curcumin are listed in Table 2.

CLINICAL TRIALS EXPLORING THE 
THERAPEUTIC POTENTIAL OF 
CURCUMIN IN GASTROINTESTINAL 
DISEASES
Because of  its higher bioavailability in the gastrointestinal 
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tract than in other organs, the therapeutic potential of  
curcumin has been investigated in several studies of  di-
gestive diseases including IBD, CRC and hepatic fibrosis.

Inflammatory bowel disease
Idiopathic IBD comprises the following two types of  
chronic intestinal disorders: Crohn’s disease (CD) and ul-
cerative colitis (UC)[71-73]. Accumulating evidence suggests 
that IBD results from an inappropriate inflammatory re-
sponse to intestinal microbes in a genetically susceptible 
host[74]. Pathogen recognition by innate immune cells is 
coupled to the secretion of  cytokines that inform the 
adaptive immune system about the nature of  the patho-
gen and instruct naïve T cells to differentiate into the ap-
propriate T cell subtypes required to clear the infection[75]. 
Thus, naïve T cells are induced to differentiate into Th1, 
Th2, Th17 and/or regulatory T cells (Treg) depending on 
the pathogen eliciting the response[76]. Recent studies re-
veal that IL-6/IL-12 family cytokines (IL-6, IL-12, IL-23, 
IL-27 and IL-35) play pivotal roles in these lymphocyte 
cell-fate decisions, and their influence on the T cell de-
velopmental program is mediated primarily through ac-
tivation of  an evolutionarily conserved family of  latent 
cytoplasmic transcription factors called STATs[77,78].

The progressive damage to the gut is characterized 
by an aberrant inflammatory response to components of  
the bacterial microflora, and Th17 cells are thought to 
contribute to the destruction of  gut tissues by inducing 
secretion of  the extracellular matrix-degrading enzymes 
MIP-3α and IL-21. Autocrine secretion of  IL-21, which 
perpetuates a cycle of  elevated IL-21 secretion, and sus-
tained STAT3 activation in the gut play important roles in 
exacerbating the disease[79]. In addition, pSTAT3 enhanc-
es survival of  the pathogenic Th17 cells by up-regulating 
Bcl-2, Bcl-xL, and Mcl-1 genes[80] and may thereby contrib-
ute to maintaining the chronic inflammatory process.

Very recently, the role of  NF-kB in IBD has been 
elucidated[73]. Colon biopsies in IBD patients with active 
disease showed increased levels of  NF-kB p65 protein, a 
member of  the NF-kB family of  proteins. The amount 
of  NF-kB p65 in the tissue samples correlated with the 
severity of  intestinal inflammation. This increased ex-
pression of  NF-kB results in an increased ability to se-
crete inflammatory cytokines, such as TNF-α, IL-1, IL-6, 

IL-12, and IL-23, the latter of  which are directly respon-
sible for mucosal damage in IBD. TNF-α is also able to 
up-regulate the production of  NF-kB, which results in a 
cyclical feedback loop of  inflammation[81]. Additionally, 
the findings that the degree of  gut tissue inflammation 
correlates with the level of  pSTAT3 in histological sec-
tions of  IBD patients support a role of  STAT3 and Th17 
cells in IBD[82].

Anti-inflammatory drugs, immunosuppressants, and 
TNF blockers are used to manage IBD. However, the 
high cost and adverse effects associated with these drugs 
encourage the use of  alternative management options[83].

Because curcumin plays a key role in the inhibition 
of  both the activation of  NF-κB pro-inflammatory cy-
tokines and the IL-6/STAT3 signaling pathway, it could 
be proposed as a novel therapeutic agent in several in-
flammatory diseases, such as IBD[84]. However, to date, 
there have been only two human studies of  curcumin 
in patients with IBD that have achieved encouraging 
results. Holt et al[85] conducted a small, open-label, pilot 
study of  curcumin in five patients with ulcerative colitis/
proctitis and five patients with Crohn’s disease. Patients 
with ulcerative proctitis, who were currently using 5-ami-
nosalicylic acid (5-ASA) compounds and corticosteroids 
(four of  five patients were on corticosteroids + 5-ASA 
compounds), were given 550 mg curcumin twice daily 
for one month and then 550 mg three times daily for the 
second month. Patients with CD were treated with 360 
mg curcumin three times daily for 1 mo followed by 360 
mg four times daily for another 2 mo. All patients were 
assessed at baseline and after two months of  curcumin 
administration via hematological, biochemical, and in-
flammatory analysis (C-reactive protein and erythrocyte 
sedimentation rate) and by sigmoidoscopy and biopsy. 
Subjective analysis was performed via a self-reported 
symptom diary. In the ulcerative proctitis group, all five 
patients had significant improvement with reductions in 
concomitant medications in 4 patients. Although only 
four of  five CD patients completed the study, they also 
improved, as evidenced by a lowered Crohn’s Disease 
Activity Index. There was a mean reduction of  55 points 
and a mean reduction in the sedimentation rate of  10 
mm/h. Based on the symptom diary (P < 0.02), all pa-
tients improved from baseline after two months of  ther-

  Anti-inflammatory effects Anticancer effects

  Downregulation of NF-kB, Inhibition of carcinogen activation
  Inhibition, via NF-kB, of COX-2, lipoxygenase, and iNOS enzymes Stimulation of carcinogen detoxification
  Inhibition of the inflammatory cytokines, such as TNF-a, interleukin 
  (IL)-1, -2, -6, -8, and -12, MCP, and migration inhibitory protein

Suppression of pro-inflammatory signaling

  Inhibition of PPAR-g Inhibition of  STAT
Induction of cancer cell apoptosis cell cycle arrest
Inhibition of angiogenesis and metastasis
Modulation of oncogenes and tumor suppressor genes

Table 2  Curcumin’s anti-inflammatory and anticancer effects

TNF-a: Tumor necrosis factor-a; MCP: Monocyte chemoattractant protein; PPAR-g: Peroxisome proliferator-activated receptor-g; iNOS: Inducible nitric 
oxide synthase; STAT: Signal transducer and activator of transcription; NF-κB: Nuclear factor kappa B; COX-2: Cyclooxygenase-2.
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apy, and the inflammatory markers decreased to normal 
limits.

Subsequently, Hanai et al[86] evaluated the use of  cur-
cumin in 89 patients with quiescent UC in a randomized, 
double-blind, multicenter trial. After a four-week washout 
period, subjects were randomly assigned to a six-month 
regimen of  either placebo (n = 44) or curcumin. The 
treatments consisted of  1000 mg after breakfast and 1000 
mg after dinner (n = 45) in combination with sulfasala-
zine (SZ) (1-3 g/ d; median 2 g/d) or mesalamine (1.5-3 
g/d; median 2.25 g/d).

Patients were followed during treatment and for six 
months after the treatment ended; they received only SZ 
or mesalamine during the six-month follow-up period. 
Of  43 patients (2 patients violated the protocol) who re-
ceived curcumin, 2 relapsed during the 6 mo of  therapy 
(4.65%), compared to 8 of  39 patients (20.51%) in the 
placebo group (P = 0.040).

Recurrence rates evaluated on the basis of  intention 
to treat showed a significant difference between cur-
cumin and placebo (P = 0.049). Furthermore, curcumin 
improved both the clinical activity index (CAI) (P = 0.038) 
and the endoscopic index (EI) (P = 0.0001), measures 
that are used to evaluate the morbidity associated with 
UC. The authors drew the following three major conclu-
sions: (1) Curcumin had better clinical efficacy over pla-
cebo in the prevention of  relapse; (2) Curcumin signifi-
cantly improved the CAI and EI; and (3) Curcumin was 
well-tolerated.

Based on these two studies, curcumin seems to be 
a promising and safe therapy for maintaining remission 
in patients with quiescent UC as well as for improving 
symptoms in patients with proctitis and CD. It is evi-
dent that further rigorous randomized controlled trials 
in larger samples of  IBD patients are needed to validate 
the results of  the above clinical studies. Considering its 
effect on multiple inflammatory pathways, curcumin also 
has the potential to be used as a steroid-sparing induc-
tion agent in mild to moderate colitis or as an adjunct to 
maintain remission in patients who are losing response to 
immunomodulators.

Colorectal cancer
Currently, it appears that the anti-carcinogenic properties 
of  curcumin are most likely due to its effects on multiple 
molecular targets, such as NF-κB factor and AP-1. These 
are both major transcription factors that regulate inflam-
mation and thus affect cell proliferation, differentiation 
and even apoptosis.

We have already mentioned that curcumin has been 
shown to affect a variety of  other key players involved in 
carcinogenesis, such as cyclooxygenase-2, matrix metal-
lopeptidases 2 and 9 and tumor necrosis factor α-induced 
vascular cell adhesion molecule.

Sharma et al[10] conducted two separate clinical trials 
exploring the effect of  curcumin on malignancies and 
tumor marker levels. In the first pilot study, the phar-
macokinetics and pharmacodynamics of  a standardized 

Curcuma extract in capsule form (Phytopharm, United 
Kingdom) at doses ranging from 440 to 2200 mg/d, 
corresponding to 36-180 mg of  curcumin, were evalu-
ated. Fifteen patients with advanced CRC refractory to 
standard chemotherapies received Curcuma extract daily 
for up to 4 mo. In one patient, measurement of  a serum 
tumor marker revealed a decrease in carcinoembryonic 
antigen levels from 310 ± 15 to 175 ± 9 μg/L after two 
months of  treatment with 440 mg Curcuma extract. Sta-
ble disease via computed tomography scan was observed 
in five of  15 patients. Oral Curcuma extract was well-
tolerated, and dose-limiting toxicity was not observed.

In the second dose-escalation study[10], 15 patients 
with advanced CRC refractory to standard chemothera-
pies consumed capsules compatible with curcumin doses 
of  between 0.45 and 3.6 g/d for up to 4 mo. Levels of  
curcumin and its metabolites in plasma, urine, and feces 
were analyzed. Blood and imaging tests were performed 
at baseline and at various points throughout the trial. 
A daily dose of  3.6 g of  curcumin caused decreases of  
62% and 57% in inducible prostaglandin E2 (PGE2) 
production in blood samples taken 1 h after the dose was 
administered on days 1 and 29, respectively. PGE2 is an 
end product of  cyclooxygenase that has been shown to 
stimulate the growth of  human colorectal cancer cells.

Garcea et al[14] studied curcumin levels in the col-
orectum and the pharmacodynamics of  curcumin in 12 
patients with confirmed CRC. The staging of  patients 
was noted; 2 patients were Duke A, 3 patients were Duke 
B, and 7 patients were Duke C. Patients were assigned to 
450, 1800 or 3600 mg of  curcumin per day for 7 d prior 
to surgery. The recoveries of  curcumin in normal and 
malignant colorectal tissues of  patients receiving 3.6 g of  
curcumin were 12.7 ± 5.7 and 7.7 ± 1.8 nmol/g, respec-
tively. Curcumin levels were highest in the normal tissue 
of  the cecum and the ascending colon as opposed to the 
transverse colon, the splenic flexure and the descending 
colon, which suggests a local effect. The levels of  M1G 
were also decreased by curcumin treatment in malignant 
colorectal tissue. COX-2 levels were undetectable in nor-
mal tissue but were detectable in malignant colorectal tis-
sue. Curcumin was not found to modulate the expression 
of  Cox-2 in malignant tissues. The study concluded that 
a daily dose of  3.6 g of  curcumin is pharmacologically 
efficacious in CRC patients.

Curcumin has also demonstrated potential for the 
prevention and treatment of  CRC in combination with 
other agents. Familial adenomatous polyposis (FAP) is an 
autosomal-dominant disorder characterized by hundreds 
of  colorectal adenomas that eventually develop into CRC. 
One study[87] evaluated whether the combination of  cur-
cumin and quercetin could suppress adenomas in patients 
with FAP. Five patients with FAP received combinations 
of  curcumin (480 mg) and quercetin (20 mg) orally three 
times a day, and the number and size of  polyps were as-
sessed at baseline and after therapy. Four patients had a 
retained rectum, and one had an ileoanal anastomosis. Af-
ter 6 mo of  combination treatment, all five patients had a 
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decrease in the number and size of  polyps from baseline. 
Polyp number decreased by a mean of  60.4% (P < 0.05), 
and polyp size decreased by a mean of  50.9% (P < 0.05). 
This is the first human demonstration of  the reduction 
in size and number of  ileal and rectal polyps in patients 
with FAP by a curcumin-containing agent. Although the 
combinations seemed to reduce the adenomas, random-
ized controlled trials are needed to further validate these 
findings.

In a non-randomized, open-label clinical trial, Carroll 
et al[28] assessed the effects of  oral curcumin (2 or 4 g per 
day for 30 d) on PGE2 within abnormal crypt foci (ACF) 
as the primary endpoint using 5-hydroxyeicosatetraenoic 
acid (5-HETE), ACF number, and proliferation in 44 eli-
gible smokers with eight or more ACF on screening colo-
noscopy. They assessed pre- and post-treatment concen-
trations of  PGE2 and 5-HETE by liquid chromatography 
tandem mass spectroscopy in ACF and normal-tissue 
biopsies; ACF number via rectal endoscopy; proliferation 
by Ki-67 immunohistochemistry; and curcumin concen-
trations by high-performance liquid chromatography in 
serum and rectal mucosal samples. Forty-one subjects 
completed the study. A significant 40% reduction in ACF 
number occurred with the 4-g dose (P < 0.005), whereas 
ACF were not reduced in the 2-g group. The ACF reduc-
tion in the 4-g group was associated with a significant, 
five-fold increase in post-treatment plasma curcumin/
conjugate levels (vs pretreatment, P = 0.009). 

In summary, the above studies suggest that curcumin 
is safe and has bright prospects for the treatment of  pa-
tients with CRC. In fact, curcumin has been shown to be 
beneficial in all 3 stages of  carcinogenesis and in all mul-
tifactorial illnesses such as cancer. An agent that acts at a 
number of  different cellular levels offers the potential for 
effective prophylaxis and treatment. It is hoped that larg-
er and methodologically sound clinical trials in patients 
with CRC will lead to the consideration of  curcumin as 
an anticancer agent. 

Liver disease
We are still remote from having available and effective 
drug therapies in hepatic diseases, with the exception of  
those with viral etiology. Especially in emerging liver dis-
eases, such as non-alcoholic fatty liver disease (NAFLD), 
the only currently available therapies that have proven 
to be effective are those with nutritional agents such as 
vitamin E or those that are associated with antidiabetic 
drugs[88,89]. The only effective therapy for NAFLD/
NASH remains non-pharmacological and involves a 
multidisciplinary treatment based not only on diet but 
also on frequent aerobic physical activity. In this scenario, 
curcumin appears to provide an opportunity to cure or 
improve liver pathologies. Curcumin has the following 4 
basic effects on the hepatobiliary system[90]: (1) Choleret-
ic-cholagogue; (2) Antifibrotic; (3) Hepatoprotective; and 
(4) Antioxidant.

Choleretic-cholagogue effect
Experimental studies have shown large hepatoprotec-

tive effects for curcumin against a variety of  hepatotoxic 
endogenous (from cholestasis to fatty infiltration) and 
exogenous insults (alcohol to xenobiotics), a significant 
percentage of  which may progress to cirrhosis or he-
patocellular carcinoma[91,92]. In pharmacological terms, 
curcumin is a complete choleretic-cholagogue. The cleav-
age products of  curcumin (feluric and hydrofeluric acids) 
have cholecistokinetic properties because they squeeze 
the gallbladder, while another principle product, para-
tolilmethilcarbinol, has strong choleretic activity[15].

The choleretic effect of  curcumin increases bile pro-
duction by approximately 62%. Its effect is not limited 
to the stimulation of  contraction and is also expressed in 
the bile composition. Indeed, it has been reported that 
sodium curcuminate increases the excretion of  bile salts, 
cholesterol, and conjugate bilirubin, which increases the 
solubility and prevents the formation of  stones in the 
gallbladder[93].

Antifibrotic effect
Curcumin may attenuate hepatic fibrosis induced experi-
mentally by various pathogenetic mechanisms due to its 
protective effect on the inhibition of  tissue growth factor 
TGF-β[94]. In the development of  liver fibrosis, this pro-
fibrinogenic cytokine plays a key role by promoting the 
activation of  stellate cells to myofibroblasts and through 
the production of  extracellular matrix.

TGF-β is one of  the main targets of  curcumin, which 
likely occurs through NF-κB[86]. A second target of  the 
antifibrotic effect of  curcumin is its effect on metallo-
proteinases, which are involved in remodeling the extra-
cellular matrix. In an experimental model of  cirrhosis, 
curcumin normalized some parameters (ALT, glutathi-
one, glycogen), thus signifying a resumption of  hepatic 
metabolism. Other parameters, such as fibrosis, were only 
attenuated, which is likely due to the activation of  metal-
loproteinases by curcumin itself  [95,96].

Hepatoprotective effect
Table 3 shows some examples of  the hepatoprotective 
effects of  curcumin against many hepatotoxic insults 
such as paracetamol, Aspergillus aflatoxins, or nitrosamines. 
The hepatoprotective effect derives mainly from its an-
tioxidant activities, as well as its ability to reduce the for-
mation of  pro-inflammatory cytokines[97].

Given its hepatoprotective effects, curcumin can be 
used in cases of  insult by exogenous toxins derived from 
both the environment and lifestyle. It should be recalled 
that curcumin is able to induce the synthesis of  phase Ⅱ 
enzymes that protect cells from oxidative stress, such as 
glutathione transferase, heme-oxygenase and the NAPH-
quinone reductase, which results in detoxification and 
reduced stress[98].

Antioxidant effect
Curcumin is characterized by its high antioxidant activity, 
which is comparable to, if  not higher than, that of  vita-
min C and is more than ten times higher than the activity 
of  the scavenger vitamin E[99].
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Overall, the antioxidant action, especially towards 
cells subjected to increased oxidative stress such as he-
patocytes, results in an increase of  cellular resistance to 
oxidative damage for at least 18 h[99]. The antioxidant 
properties of  curcumin reside in the same chemical struc-
ture. Numerous natural antioxidants can be classified into 
the following two types of  compounds: phenolic (sesame 
extract) and β-diketonics (extracts of  eucalyptus).

Curcumin is one of  the few antioxidants that possess 
both a phenolic group and one diketonic in the same mol-
ecule. This explains why curcumin possesses the ability to 
interrupt the chain that transmits the oxidation of  biologi-
cal structures until the oxidant energy is sufficient[99].

In summary, the multiple positive effects of  curcumin 
on both the biliary system and on liver structure and 
function encourage its clinical use, which needs to be 
validated in future controlled clinical trials.

Functional digestive disorders
The mechanisms of  symptom generation in patients 
with functional digestive disorders are poorly understood 
due to the lack of  a mucosal injury that enables us to 
explain their troublesome disturbances[100]. Recent stud-
ies have shown that transient receptor potential vanilloid 
type 1 (TRPV1) receptors play a critical role in somatic 
and visceral nociceptive neural detection and transmis-
sion[101], and they have been implicated in the induction 
of  symptoms in these diseases. TRPV1 is a polymodal 
sensory transducer that can be activated by multiple 
noxious stimuli such as heat, low pH, and endogenous 
lipid derivatives such as anandamide as well as by exog-
enous substances that possess a vanilloid moiety such as 
capsaicin[102]. Of  remarkable importance, the curcumin 
molecule has the same vanilloid ring moiety as capsaicin, 
making TRPV1 its likely target, and it has been shown in 
animals that curcumin blocks TRPV1 activation by cap-
saicin in a competitive manner[103]. It has been suggested 
that up-regulation of  TRPV1 signaling may contribute to 
visceral hypersensitivity in functional gastrointestinal dis-
eases, including esophageal hypersensitivity[104]. This con-
dition can be found in more than 50% of  patients with 
non-erosive reflux disease, which represents the most 
frequent form of  gastro-esophageal reflux disease[105]. Re-
cent epidemiological studies have shown that the rate of  
reflux patients with negative endoscopy can be as high as 
75%[106]. This relevant population contains subgroups of  

patients with hypersensitive esophagus to both acid and 
non-acid reflux or patients with functional heartburn, 
who are difficult to treat with antisecretory therapies and 
who therefore may benefit from drugs that are able to act 
on TPRV1 receptors. In fact, curcumin has been shown 
to antagonize the vanilloid receptors even at low dosages 
and thus has the potential to modulate the response of  
TPRV1 to various stimulants and to prevent the genera-
tion of  symptoms in patients with hypersensitive esopha-
gus and functional heartburn[103].

Moreover, the TPRV1 receptors are widely expressed 
in the entire gastrointestinal tract and enteric nervous 
system, and there is evidence that curcumin can inhibit 
GI nociception and reverse gut hypersensitivity by acting 
on peripheral terminals. Taking into account this mecha-
nism of  action, it cannot be excluded that this molecule 
may be beneficial in treating patients with functional dys-
pepsia and irritable bowel syndrome, which are disorders 
that remain clinically challenging in the setting of  current 
drugs and whose patients may benefit from the pharma-
cological properties of  curcumin on TRPV1 as a novel 
pain modulator. 

Finally, as it has been shown that low-grade inflamma-
tion of  the intestinal mucosa is responsible for symptoms 
of  irritable bowel syndrome[107], we cannot exclude that 
the well-known anti-inflammatory effects of  curcumin 
may also improve the quality of  life of  patients with this 
disease. 

CONCLUSION
In summary, curcumin is a well-known molecule with 
multiple pharmacological activities that have the potential 
to be used to treat many gastrointestinal diseases, both 
functional and organic. It appears to be a very promis-
ing therapeutic compound on the basis of  thousands of  
pre-clinical studies, but its poor bioavailability has greatly 
hampered more widespread clinical use. However, the 
new formulation of  curcumin with phospholipids has al-
lowed us to overcome this problem by markedly improv-
ing intestinal absorption compared with the traditional 
unformulated curcuminoid mixtures. If  curcumin is truly 
beneficial, as has been suggested by prior clinical trials us-
ing curcumin with limited bioavailability, we can expect to 
see greater therapeutic effectiveness from phospholipid-
complexed curcumin, which enables increased absorption 

  Intoxications Pathogenetic mechanisms Curcumin effects 

  Iron (alcoholic liver disease; steatosis, 
  viral hepatitis; anemia)

Fibrosis induced by oxidation Anti-oxidant enzymatic activity

  Alcohol (chronic or acute intoxication) Phospholipase A2 activation Phospholipase A2 inhibition by NF-kB
  High-fat diet (lipid storage) Focal degeneration, micronecrosis Acil-CoA, cholesterol biliary acids; LDL peroxidation
  Xenobiotics induced acute damage ROS, lipid peroxidation, inflammation Scavenger activity on NF-kB; anti-oxidant enzymatic activity
  Xenobiotics induced chronic damage Inflammation and hepatocellular necrosis Hepatic fibrosis inhibition by NF-kB
  Poisons (carbon tetrachloride) Inflammatory self-maintenance Hepatic inflammation inhibition by NF-kB

Table 3  Substances and hepatic intoxication mechanisms contrasted by curcumin

ROS: Reactive oxygen species; LDL: Low density lipoprotein; NF-κB: Nuclear factor kappa B. 
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and appropriate tissue delivery. These improved pharma-
cokinetic and pharmacodynamic properties are also able 
to significantly reduce the required dosages of  curcumin 
and to increase the compliance of  the product. Overall, 
these features make curcumin a very promising new ther-
apeutic option for the treatment of  gastrointestinal and 
hepatic diseases for which present therapies are largely 
unsatisfactory.
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Abstract
The poor clinical conditions associated with end-stage 
cirrhosis, pre-existing pulmonary abnormalities, and 
high comorbidity rates in patients with high Model for 
End-Stage Liver Disease scores are all well-recognized 
factors that increase the risk of pulmonary complica-
tions after orthotopic liver transplantation (OLT) sur-
gery. Many intraoperative and postoperative events, 
such as fluid overload, massive transfusion of blood 
products, hemodynamic instability, unexpected coagu-
lation abnormalities, renal dysfunction, and serious ad-
verse effects of reperfusion syndrome, are other factors 
that predispose an individual to postoperative respira-
tory disorders. Despite advances in surgical techniques 
and anesthesiological management, the lung may still 
suffer throughout the perioperative period from various 
types of injury and ventilatory impairment, with differ-
ent clinical outcomes. Pulmonary complications after 
OLT can be classified as infectious or non-infectious. 
Pleural effusion, atelectasis, pulmonary edema, respira-
tory distress syndrome, and pneumonia may contribute 
considerably to early morbidity and mortality in liver 
transplant patients. It is of paramount importance to 
accurately identify lung disorders because infectious 
pulmonary complications warrant speedy and aggres-

sive treatment to prevent diffuse lung injury and the 
risk of evolution into multisystem organ failure. This re-
view discusses the most common perioperative factors 
that predispose an individual to postoperative pulmo-
nary complications and these complications’ early clini-
cal manifestations after OLT and influence on patient 
outcome.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Respiratory complications; Postoperative 
respiratory failure; Liver transplantation; Postoperative 
edema; Post-transplant pneumonia

Core tip: This “minieview” underlines the most im-
portant perioperative factors that predispose to early 
post-liver transplant respiratory complications. Despite 
advances in surgical techniques and anesthesiological 
management the lung may still suffer throughout the 
perioperative period from various types of injury, with 
different ensuing ventilatory impairments, and different 
clinical outcomes. The incidence, etiology, pathophysi-
ological features, clinical manifestations, preventing 
measures, and outcomes of post-operative respiratory 
disorders in this setting are also reported.

Feltracco P, Carollo C, Barbieri S, Pettenuzzo T, Ori C. Early 
respiratory complications after liver transplantation. World J 
Gastroenterol 2013; 19(48): 9271-9281  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i48/9271.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i48.9271

INTRODUCTION
Orthotopic liver transplantation (OLT) is currently the 
only definitive treatment for patients with acute liver 
failure and end-stage liver cirrhosis. Due to recipients’ 
generally poor preoperative clinical conditions, the exten-
sive surgical field, and lengthy operating times, postop-
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erative respiratory disorders are very common after OLT 
and significantly contribute to the related morbidity and 
mortality, both in the acute postoperative stage and in the 
long term.

Several factors are involved in the onset of  postopera-
tive pulmonary complications (PPCs), and many preop-
erative and intraoperative variables have been associated 
with different degrees of  severity of  respiratory impair-
ment after OLT.

Although refinements in surgical techniques, antimi-
crobial prophylaxis, immunosuppression, anesthesia, and 
intensive care management have most likely altered the 
frequency and overall spectrum of  post-OLT respiratory 
disorders, it is still common for pulmonary infiltrates, 
atelectasis, pleural exudates, and other radiological ab-
normalities to be documented on chest X-ray at any time 
during a patient’s stay at an intensive care unit (ICU).

All of  these respiratory disorders can affect lung com-
pliance and alveolar gas exchange and, when severe, may 
necessitate tracheal intubation and mechanical ventilation. 
In the early stages after transplantation, pulmonary com-
plications may prolong intubation time and increase the 
risk of  systemic infectious complications. Prolonged me-
chanical ventilation due to refractory respiratory failure 
is an extremely morbid event, as this event is a marker of  
poor recipient recovery, predisposes a recipient to long-
term ventilator dependency, and predicts further compli-
cations.

This review focuses on the most common periopera-
tive factors that predispose an individual to PPCs oc-
curring early after OLT, along with these complications’ 
clinical manifestations and contribution to outcome. The 
main strategies for preventing the development of  post-
OLT respiratory disorders are also mentioned.

PREOPERATIVE RISK FACTORS 
FOR POST-OLT RESPIRATORY 
COMPLICATIONS
The most commonly identified risk factors for PPCs 
are detailed in Table 1 and relate to a recipient’s age, the 
severity of  liver dysfunction, cirrhotic encephalopathy, 
acute renal failure, smoking history, emphysema, high sys-
tolic pulmonary artery pressure, hypoxia, and hepatopul-
monary syndrome. Pre-existing pulmonary abnormalities 
per se may also make a liver transplant recipient more vul-
nerable to pulmonary complications. Patients with chron-
ic liver disease have pulmonary regional hemodynamic 
disturbances, with greater differences in alveolar-arterial 
oxygen tension, a weaker pulmonary vascular tone, and a 
poor hypoxic pulmonary vasoconstrictive response[1]. 

Levesque et al[2] reported that evidence of  a preopera-
tive restrictive pulmonary syndrome is one of  the main 
risk factors for PPCs. An association between abnormal 
preoperative spirometry findings and a higher rate of  
PPCs was also mentioned by Bozbas et al[3]. 

 The relationship between patients’ Model for End-

Stage Liver Disease (MELD) scores and the incidence of  
PPCs has yet to be clearly elucidated, but liver transplant 
recipients with high MELD scores often have a higher 
incidence of  pleural effusion, a need for more periopera-
tive blood transfusions, a greater risk of  fluid retention, 
severe restrictive pulmonary patterns, and muscle atrophy 
related to poor nutritional status. Given this higher rate 
of  comorbidities in patients with higher MELD scores, 
cases of  postoperative respiratory impairment or failure 
may be more common as well[4,5]. 

In a retrospective study, Huang et al[6] found that pre-
operative ventilator support, diabetes mellitus, impaired 
renal function, and OLT with grafts from deceased do-
nors were the most significant preoperative predictors of  
the risk of  postoperative respiratory failure (PRF). John 
et al[7] demonstrated that patients suffering from diabetes 
mellitus prior to liver transplantation had a higher inci-
dence of  pulmonary complications afterward than did 
non-diabetic patients. 

The main reasons why liver recipients given a graft 
from a deceased donor are at a higher risk of  postopera-
tive respiratory complications relate to the higher MELD 
scores of  such recipients compared with patients receiv-
ing grafts from living donors, the “urgent” nature of  the 
transplantation surgery, and the greater “marginality” of  
cadaveric grafts. 

Severe preoperative respiratory failure requiring me-
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Table 1  Common preoperative risk factors for post-ortho-
topic liver transplantation pulmonary complications

Recipient’s age[2,8]

Female sex[5]

Smoking history[3]

Severity of liver dysfunction[2] (Child-Pugh class[5], MELD score[12,43])
Cirrhotic encephalopathy
Cerebral dysfunction[5]

Acute renal failure
Emphysema[3]

High systolic pulmonary artery pressure[3]

Hypoxia, orthodeoxia[3]

Hepatopulmonary syndrome
Pre-existing pulmonary abnormalities[1]:
   Intrinsic cardiopulmonary disease: chronic obstructive pulmonary 
   disease, congestive heart failure, pneumonia, asthma
   Specific to liver disease: association with specific liver diseases (alpha-1 
   antitrypsin deficiency, primary biliary cirrhosis), fluid retention com
   plicating portal hypertension (ascites, hepatic hydrothorax), pulmo-
   nary vascular abnormalities (hepatopulmonary syndrome, portopul
   monary hypertension)
Evidence of a restrictive pulmonary syndrome[2]

Abnormal spirometry findings[3]

Preoperative ventilator support[6]

Severe preoperative respiratory failure requiring mechanical ventila-
tion[8,9]

Higher value of INR[2]

Preexisting diabetes mellitus[6,7]

Impaired renal function[6]

Preoperative MARS use[6]

Deceased donor source of organ transplantation[6]

MELD: Model End Stage Liver Disease; INR: International normalised 
ratio; MARS: Molecular adsorbent re-circulating system. 



chanical ventilation prior to OLT is one of  the most seri-
ous events leading to the onset of  PPC[8,9], as the pres-
ence of  an endotracheal tube is a well-recognized factor 
that predisposes an individual to lower respiratory tract 
infectious complications[10].

INTRAOPERATIVE RISK FACTORS 
FOR POST-OLT RESPIRATORY 
COMPLICATIONS
OLT is a lengthy procedure that may cause numerous 
physiological changes, such as mechanical derangement 
of  the chest wall and diaphragm, hydrostatic and oncotic 
pressure abnormalities, increases in pulmonary vascular 
resistance and pulmonary artery pressure, abnormal pul-
monary vascular permeability, and variable coagulopa-
thies (Table 2).

Although the administration of  fluids and blood 
products is adjusted in an effort to ensure hemodynamic 
stability and to correct unanticipated coagulation ab-
normalities and bleeding, a significant loss of  blood and 
fluids during OLTx may be associated with excess fluid 
administration and a positive fluid balance.

At the end of  the transplantation procedure, sig-
nificantly lower respiratory compliance than before the 
operation is highly suggestive of  increased extravascular 
pulmonary water content, as demonstrated by Tallegren 
et al[11]. 

In a report by Lin et al[12], a MELD score ≥ 25 points, 
an intraoperative fluid transfusion volume >10 L, and an 
intraoperative blood transfusion volume > 4 L were all 
independent predictors of  the risk of  PPCs, whereas a 
fluid balance of  ≤ -300 mL on the first two postopera-
tive days appeared to be a protective factor.

Huang et al[6] found that OLT recipients who devel-
oped PRF had significantly different intraoperative blood 
loss, i.e., more patients in the non-PRF group completed 
the surgical procedure without needing any blood trans-
fusions. This difference greatly influenced outcome, with 
patients who developed PRF staying longer in the ICU 
and exhibiting significantly higher morbidity and mortal-
ity rates.

Other clinical studies have demonstrated that in-
traoperative fluid overload is the strongest risk factor 
for PPCs[8-13]. Jiang et al[14] investigated the link between 
intraoperative and postoperative fluid therapy and early 
PPCs, showing that patients with net intraoperative fluid 
retention volumes < 5000 mL and intraoperative bleed-
ing volumes < 800 mL had fewer PPCs than did patients 
needing more fluid therapy. The group that was adminis-
tered less fluid intraoperatively experienced a faster post-
operative recovery, with shorter times to extubation and 
ICU stays.

Severe reperfusion syndrome is mainly characterized 
by prolonged hypotension, bradycardia, hyperkalemia, 
vasodilation, and pulmonary hypertension and may also 
trigger generalized endothelial injury, resulting in acute 
pulmonary edema and/or acute respiratory distress syn-
drome (ARDS)[15]. Liver ischemia-reperfusion may lead to 
an increase in the levels of  multiple inflammatory media-
tors that become active in the lungs. Inflammatory lung-
liver interactions, and the activation of  nuclear factor κB 
in particular, may be implicated in the pathogenesis of  
permeability-type pulmonary edema[16,17]. 

A greater susceptibility to interstitial lung edema can 
seriously impair patients’ postoperative oxygenation, 
worsen oxygen delivery to the newly transplanted organ, 
and increase the need for ventilation. 

Preservation-related or graft-related factors, poten-
tially contaminated preservation fluids, the amount of  
intraoperative blood transfusion, longer ischemia times, 
and poor initial graft function are other important factors 
that predispose an individual to postoperative infections 
that may also involve the respiratory tract[18,19]. 

POSTOPERATIVE RISK FACTORS 
FOR POST-OLT RESPIRATORY 
COMPLICATIONS
 The most important factors involved in the development 
of  PPCs following the transplantation procedure are 
reported in Table 2. After admission to the ICU, the re-
sidual effect of  anesthetics, an excessive need for opioids 
for analgesia, and a high fluid input may all interfere with 
a patient’s weaning from a ventilator in various ways. In-
adequate deep inspiration due to a wide incision and the 
inhibitory effect of  wound pain on coughing and mucus 
removal also predispose patients to various respiratory 
complications[20].

As in other patients undergoing upper abdominal 
surgery, changes in respiratory pressures and chest wall 
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Table 2  Major intraoperative and common postoperative risk 
factors for post-orthotopic liver transplantation pulmonary 
complications

Major intraoperative risk factors
   Surgical procedure[2] (wide incision[19])
   Intraoperative fluid transfusion volume[2,8,12]

   Intraoperative blood transfusion volume[6,12]

   Perioperative fluid balance[12]

   Intraoperative fluid retention[14]

   Intraoperative bleeding volumes[14]

Common postoperative risk factors
   Excessive perioperative fluid administration[2]

   Postoperative duration of mechanical ventilation[2] (delayed removal 
   of endotracheal tube[13,19])
   Acute rejection during the hospital stay[2]

   Postoperative acute renal failure[5]

   Postoperative hypoproteinemia
   Onset of renal insufficiency
   Poor postoperative myocardial function
   Right hemidiaphragm paralysis[24]

   Greater exposure to nosocomial agents[34]

   Significant decline in the recipient’s immune function[34]

   Surgical complications[34]

   Re-interventions or need for retransplantation[34]
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diaphragm elevation rarely develop substantial respiratory 
dysfunction or need more prolonged mechanical ventila-
tor support[25,26]. 

A considerable risk of  acute rejection invariably per-
sists early after OLT, which is associated with a need for 
higher levels of  immunosuppression. Acute allograft re-
jection demanding high-dose corticosteroids or cytolytic 
agents is known to raise the risk of  systemic infection, 
which may also involve the respiratory tract. 

INCIDENCE AND PATHOLOGICAL 
FEATURES OF PPCS IN LIVER 
TRANSPLANT PATIENTS
Pulmonary complications after OLT can be classified as 
infectious and non-infectious (Table 3). Although uncom-
mon in the first few days, the former complications later 
become an important cause of  overall morbidity, whereas 
non-infectious complications account for most early 
problems but have less impact on patient outcome[27,28]. 

In an old study conducted by the Pittsburgh group[29], 
pulmonary infiltrates characterized as pulmonary edema 
occurred in 40% of  patients; pneumonia, in 38%; at-
electasis, in 10%; and ARDS, in 8%. Of  the cases of  
infiltrates, 48% occurred within 30 d of  transplantation. 
In total, 78% of  the cases of  pulmonary infiltrates and 
87% of  the cases of  pneumonia diagnosed at the ICU 
involved mechanically ventilated patients.

Glanemann et al[30] reported that 11% of  liver trans-
plant patients required ventilatory support due to pul-
monary complications, and 36.1% had to be reintubated. 
Among the patients who developed pulmonary compli-
cations and needed reintubation, 44.6% were intubated 
within 24 h after OLT.

Hong et al[31] reported that early post-OLT pulmo-
nary infiltrates were detected in 68 of  131 liver recipients 
(42.7%), with pleural effusion in 50 patients (73.5%), 
pneumonia in 6 (8.8%), atelectasis in 6 (8.8%), pulmonary 
edema in 5 (7.4%), and ARDS in 1 (1.5%). Jiang et al[14] 
found that 29 of  62 patients (46.77%) had pulmonary 
complications after OLT, including pulmonary edema (4 
cases, 13.79%), acute lung injury (7 cases, 24.14%), pneu-
monia (14 cases, 48.28%), and ARDS (4 cases, 13.79%).

In a series described by Bozbas et al[4], pulmonary 
complications were detected in 42.1% of  liver recipi-
ents; pneumonia, in 21.1%; and pleural effusion on early 
postoperative chest radiographs, in 32.5%. Right hemi-
diaphragm elevation was the most common disorder 
(25.4%). 

PLEURAL EFFUSIONS 
Many patients undergoing OLT develop pleural effusions 
that usually mainly involve the right side, with variable 
amounts of  fluid accumulation. The effusions are tran-
sudative and unrelated to primary cardiovascular disease. 
Pleural effusion after OLT is generally not a serious com-

movement anomalies due to transection of  the abdomi-
nal oblique muscles and rectus muscles and prolonged 
retraction of  the right hemidiaphragm, which is associ-
ated with diaphragmatic dysfunction, may result in a 
50%-60% reduction in vital capacity and a 30% reduction 
in functional residual capacity[21].

Early weaning from mechanical ventilation is a pri-
mary goal for a favorable outcome, but primary graft dys-
function, the need for re-laparotomy, respiratory distress 
syndrome, the persistence of  severe encephalopathy, or 
surgery-related emboligenic problems may delay removal 
of  the endotracheal tube and correspondingly increase 
the risk of  respiratory infections[14]. 

One of  the most severe, although rare, adverse effects 
of  massive intraoperative transfusion is transfusion-re-
lated acute lung injury (TRALI), which has the potential 
to cause lung edema and severe postoperative respiratory 
distress. TRALI is particularly relevant in post-OLT pa-
tient care because this injury can lead to pulmonary infil-
trates, hypoxia, and respiratory failure during or within 6 
h after a blood transfusion, with no other apparent cause. 
According to the “two-hit” theory about the pathogenic 
mechanism of  TRALI, a first event (e.g., sepsis or trauma) 
could induce pulmonary endothelial activation, cytokine 
release, and “neutrophil priming”. Subsequent exposure 
to lipids, cytokines, or antibodies associated with massive 
transfusion would then prompt the activation of  adher-
ent neutrophils and a release of  inflammatory mediators, 
thus leading to lung injury[22,23]. TRALI and acute lung 
injury (ALI) share the same pathophysiological pathway 
and clinical definition, except that TRALI is temporally 
and mechanistically related to the transfusion of  blood or 
blood components. In both conditions, capillary perme-
ability results in plasma moving into the alveolar space 
and causing pulmonary edema[24].

Postoperative hypoproteinemia, the onset of  renal 
insufficiency, and poor postoperative myocardial function 
can also set the stage for interstitial edema, reduce pul-
monary compliance, increase the effort of  breathing, and 
prolong the need for invasive ventilation. 

Right hemidiaphragm paralysis after OLT is another 
complication responsible for the development of  right 
lower lobe atelectasis. In an old study, McAlister et al[25] 
found that 79% of  liver recipients had right phrenic 
nerve injury, and approximately half  of  these patients 
also had hemidiaphragm paralysis. Phrenic nerve conduc-
tion generally tends to recover within a few months, and 
most patients with phrenic nerve injury and right hemi-

Table 3  Major post-orthotopic liver transplantation pulmo-
nary complications

Complication Frequency

Pleural effusion[4,8,12,30] 32%-47%
Atelectasis[8,12,28,30]   5%-29%
Pulmonary edema[8,12-14,28,30]   4%-47%
Acute respiratory distress syndrome[4,8,9,12,14,28,30,55] 0.8%-42%
Pneumonia[2,4,8,12,14,28,30,36-39]    5%-38%
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plication, but if  the effusion continues to expand beyond 
the first week or remains isolated to the left side, the fluid 
should be sampled to rule out other causes. Patients with 
large effusions may experience shortness of  breath or a 
nonproductive cough. 

Disruption of  the diaphragmatic lymphatics during 
hepatectomy, along with diaphragmatic defects that allow 
the transfer of  ascites developing in the abdominal cav-
ity directly into the pleural space, are postulated to be the 
principal mechanisms behind fluid accumulation[26,32]. The 
negative intrathoracic pressure draws ascitic fluid into the 
pleural space, and analysis shows that this fluid has many 
of  the same characteristics as abdominal ascites.

Pleural effusions may expand during the first post-
operative week but frequently disappear in the following 
weeks. These effusions are usually asymptomatic and 
self-limiting, and thoracentesis or chest tube placement is 
rarely necessary.

Persistent pleural effusions may lead to respiratory 
dysfunction by causing atelectasis or may predispose pa-
tients to pneumonia and prolong recovery. Effusions may 
also recur at any time and are occasionally a sign herald-
ing allograft rejection. 

Postoperative atelectasis can also be the result of  
bronchial obstruction due to changes in bronchial secre-
tions, a defective expulsion mechanism, or a reduced 
bronchial caliber. 

A limited intraoperative production of  surfactants re-
duces alveolar surface tension and thus prevents the lung 
from stabilizing at low volumes, predisposing the lung to 
collapse. The residual effects of  anesthetics and postop-
erative narcotics can cause hypoventilation, ineffectual 
respiration, depression of  the cough reflex, immobiliza-
tion, and splinting. 

POST-LT PNEUMONIA
Early nosocomial pneumonia after OLT is nearly exclu-
sively a perioperative complication and is characterized by 
the presence of  pulmonary infiltrate, fever, leukocytosis, 
and new-onset respiratory symptoms (cough, sputum, 
and dyspnea). When the typical radiological picture of  
pneumonia is identified, it is important to isolate the 
responsible microorganism from deep tracheal aspirate 
or sputum cultures or bronchoalveolar lavage cultures to 
prescribe the appropriate, specific treatment.

The breakdown of  the mucocutaneous defensive bar-
riers that occurs after prolonged orotracheal intubation 
is a major risk factor for post-OLT pneumonia. Massive 
intraoperative bleeding during the transplantation proce-
dure, the persistence of  severe encephalopathy, diffuse 
pleural exudates, postoperative ALI/ARDS, and severe 
renal impairment are frequently associated with delayed 
weaning from mechanical ventilation and contribute to 
the development of  infectious diseases[19,33]. 

Other important risk factors for early pneumonia 
include a greater exposure to nosocomial agents, a sig-
nificant decline in recipients’ immune function, surgical 

complications, re-interventions, and the need for retrans-
plantation[34]. 

Hospital-acquired pneumonia (HAP) and ventilator-
associated pneumonia are usually diagnosed in cases of  
early- or late-onset pneumonia, depending on whether 
the pneumonia occurs within or after the first 4-6 d of  
hospitalization, respectively[35]. 

The incidence of  post-LT pneumonia has been 
shown to vary from 5%-38%[8,36-39]. Pirat et al[8] reported 
an incidence of  22.7% and a mortality rate of  40%. 
These authors found that individuals who developed 
pneumonia had longer times to extubation and higher 
mortality. In a study by Xia et al[38], the overall incidence 
of  severe pneumonia was 18.2%, with an associated 
mortality rate of  37.5%. Bozbas et al[4] reported a higher 
rate of  bacterial pneumonia (> 70%), with a 26% rate of  
fungal pneumonia; lung infections were noted in 21% of  
patients in their study and were responsible for 45.8% of  
deaths.

In a report by Weiss et al[39], early HAP (within 6 d 
after OLTx) occurred in 15.5% of  liver recipients. As in 
the above-mentioned reports, these cases of  pneumonia 
were associated with prolonged postoperative mechanical 
ventilation, a long ICU stay, and a trend toward higher 
short- and long-term mortality rates. 

Levesque et al[2] recently reported a 22% incidence 
of  postoperative pneumonia, and 43% of  their liver 
recipients who had pneumonia developed respiratory 
failure that required mechanical ventilation. Based on a 
univariate analysis, the researchers found that several pre-
operative factors and the number of  intraoperative trans-
fusions (units of  blood and fresh frozen plasma) were 
associated with pneumonia However, in a multivariate 
analysis, only a preoperative restrictive pulmonary pattern 
and the international normalized ratio measured prior to 
OLT were independent predictors of  pneumonia after 
surgery. Ikegami et al[40] reported the prevalence and char-
acteristics of  bacterial pneumonia after living-donor liver 
transplantation (LDLT), stating that 50 of  346 patients 
(14.5%) experienced bacterial pneumonia after LDLT. 
The incidence of  bacterial pneumonia was highest on 
postoperative day 6, whereas the incidence declined on 
postoperative days 8 and 9. Pneumonia was associated 
with a prolonged use of  mechanical ventilation, a pro-
longed stay in the ICU, the creation of  a tracheostomy, 
primary graft dysfunction, and a need for renal replace-
ment therapy. The mortality rate of  patients with early-
onset pneumonia was 25.7%. Delayed-onset pneumonia 
(at least 10 d after liver transplantation) was significantly 
associated with graft dysfunction and resulted in a higher 
mortality rate (73.3%) than did early-onset pneumonia.

A wide variety of  community-acquired and hospital-
acquired microorganisms may be responsible for post-
OLTx pneumonia, but Gram-negative pathogens 
dominate in the early post-transplant stages, as in the 
population undergoing general surgery. The Gram-neg-
ative bacteria that frequently colonize the oropharyngeal 
cavity are most often responsible for lower respiratory 
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tract infections. In liver recipients on prolonged mechani-
cal ventilation, nosocomial pathogens, including Pseudomo-
nas aeruginosa, Escherichia coli, Klebsiella species, Acinetobacter 
species, and Staphylococcus aureus (including MRSA), are 
usually detected in bronchoalveolar lavage samples[41,42]. It 
is worth emphasizing, however, that the microbiological 
ecology may vary considerably from one ICU to another, 
and previous antimicrobial consumption may have a ma-
jor influence on microbial ecology.

In a report by Weiss et al[39], in a subgroup of  patients 
with HAP occurring within the first 4 d after ICU ad-
mission, 61.5% of  the causative pathogens were Gram-
negative bacilli, and 38.5% were Gram-positive cocci. Of  
these microorganisms, 73% were classified as community 
acquired. More than 30% of  liver recipients had a history 
of  hospital stays and antibiotic treatments.

Given patients’ obligatory immunosuppression, prompt 
isolation of  the microorganisms causing post-OLT pneu-
monia and appropriate treatment are mandatory for a 
favorable outcome. An early diagnosis may not be achiev-
able with “conventional” diagnostic techniques in certain 
patients, however, making it necessary to resort to more 
“invasive” methods. If  pulmonary infiltrates persist or 
become worse, a histopathological diagnosis by bronchial 
brushing, telescope catheter culture, fiberoptic bronchos-
copy with transbronchial biopsy, or even surgical pul-
monary biopsy may be needed to rule out opportunistic 
infectious agents. 

POST-LT PULMONARY EDEMA
Severe pulmonary edema is unusual in the early post-
operative period, unless the liver recipient experiences 
acute-onset, severe left ventricular dysfunction or acute 
fluid overload in the case of  renal impairment. Despite 
a high incidence of  postoperative radiological findings 
suggestive of  acute pulmonary edema, most episodes are 
clinically easily overlooked, with only a mild deterioration 
in gaseous exchange. 

In patients with fulminant hepatic failure, pulmonary 
edema is an ominous sign because it may predict evolving 
acute lung injury[43]. 

Subclinical forms of  interstitial/alveolar edema may 
prompt findings of  a transient increase in pulmonary 
capillary hydrostatic pressure or hypoalbuminemia or 
nonspecific signs of  mild or moderate lung endothelial 
injury. Additional causes of  acute pulmonary edema in-
clude excessive amounts of  fresh frozen plasma and total 
fluids being administered intraoperatively, postoperative 
changes in renal function (urine volume and serum cre-
atinine), massive transfusions, large-volume thoracentesis, 
and reduced lymph flow. It has been speculated that the 
greater pulmonary vessel permeability associated with 
end-stage liver disease may be exacerbated by the sys-
temic inflammatory reaction induced by liver transplanta-
tion[14]. 

In a study by Aduen et al[44], a worse preoperative 
MELD score could predict the risk of  pulmonary edema 

developing soon after the transplantation procedure. Pre-
operative right ventricular systolic pressure, as estimated 
by echocardiography, was also higher in patients who 
developed postoperative pulmonary edema, suggesting 
that elevated pulmonary pressures are associated with in-
creased interstitial lung loading.

Chen et al[45] postulated that nitric oxide (NO) flow-
mediated vasodilation is the pathogenic mechanism 
behind the high incidence of  pulmonary edema after 
LDLT. In this study, the total volume of  intraoperative 
fluid administered was higher in patients who developed 
pulmonary edema, but their net fluid retention did not 
significantly differ from that of  the patients who did not 
experience this complication. Pulmonary edema did not 
prolong the hospital stay or increase the risk of  infection 
and was overcome by administering diuretics. 

In cirrhotic patients undergoing OLT, increased blood 
flow in the lung may increase shear stress on the endothe-
lium, and this phenomenon is associated with an increased 
release of  vasodilators, including NO, prostaglandins, and 
endothelium-derived hyperpolarizing factors[46,47]. 

Pulmonary edema is diagnosed based on the strength 
of  radiographic criteria, clinical symptoms, the PaO2/
FIO2 (PF) ratio (< 300), and hemodynamic data. Accord-
ing to the American-European Consensus Conference 
(AECC) on ARDS, permeability edema may be character-
ized by a pulmonary artery wedge pressure < 18 mmHg, 
whereas the hydrostatic type is usually associated with a 
wedge pressure > 18 mmHg[48]. Patients with persistent 
permeability-type edema may also have a higher mean 
pulmonary arterial pressure and a higher pulmonary vas-
cular resistance, consistent with a resistance-dependent 
mechanism. 

In a study by Snowden et al[13], patients with pulmo-
nary edema stayed longer in the ICU and were on me-
chanical ventilation for longer. Aduen et al[44] also found 
that the time on mechanical ventilation and in the ICU 
and hospital stays were longer in patients with persistent 
permeability-type edema. In contrast to the situation 
observed for the hydrostatic type, permeability-type pul-
monary edema was associated with an increase in both 
mean pulmonary arterial pressure and pulmonary vessel 
resistance. In the series, 29% of  patients with persistent 
permeability-type pulmonary edema died, as opposed to 
7% of  patients who never developed pulmonary edema 
and 0% of  patients who developed hydrostatic-type pul-
monary edema.

POST-OLT ARDS
Post-OLT acute lung injury and even severe ARDS may 
develop within 24 h or the first few days after the pro-
cedure. Frequent causes of  ARDS include crystalloid 
infusion overload, massive transfusion of  blood or blood 
products, prolonged operating times, severe bleeding dur-
ing liver removal, and severe ischemia-reperfusion syn-
drome. In the early postoperative course, serious systemic 
infections, gastric aspirations, disseminated intravascular 
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coagulation, and other nonspecific generalized insults 
may also be involved. 

The intraoperative transfusion of  blood products, and 
platelets in particular, has been identified as a risk factor 
for a poor outcome after OLT. The negative impact can-
not be explained simply by the activation of  the coagula-
tion system and platelet aggregation at the endothelium; 
the poor outcome most likely has to do with ischemia-re-
lated endothelial cell injury[49]. Platelets contain many cy-
tokines and vasoactive and inflammatory mediators that 
are rapidly released and activated by various stimuli after 
reperfusion and that may affect the lung. Several other 
factors, such as the potential for viral transmission and 
bacterial contamination, the risk of  alloimmunization, 
nonspecific immunosuppressive effects, and graft-versus-
host disease, may also contribute to a worse outcome[50,51]. 

Pereboom et al[52] demonstrated that platelet transfu-
sion during OLT is associated with higher postoperative 
mortality due to severe lung edema causing heaviness of  
the lungs, as described in the clinical diagnosis of  TRALI 
or ARDS. 

ARDS after OLT is a serious multifactorial complica-
tion associated with diffuse, bilateral pulmonary infiltrates 
of  acute onset (and non-cardiogenic etiology), with a PF 
ratio of  < 200. Based on an “old” concept, ALI was once 
defined as a milder form of  ARDS and was distinguished 
by a PF ratio of  between 200 and 300[48]. Currently, ac-
cording to the Berlin definition, the term ALI is avoided 
and replaced by mutually exclusive subcategories of  
ARDS based on the degree of  hypoxemia. ALI is now be 
called “mild ARDS” and applies to cases with a PF ratio 
of  up to 201-300 mmHg, the upper limit for ALI accord-
ing to the AECC definition[53]. 

A poorly controlled systemic inflammatory response 
induced by severe reperfusion syndrome, along with 
transfusion related-adverse events, can substantially in-
crease the risk of  postoperative pulmonary injury. Inflam-

matory mediators cause damage to both the alveolar and 
the microvascular endothelia, and this damage alters the 
alveolar-capillary barrier, causing extravascular fluid accu-
mulation. This pulmonary damage results in an increase 
in extravascular lung water, which is one of  the hallmarks 
of  mild ARDS and ARDS[54,55].

Major clinical findings in ARDS include severely 
impaired pulmonary oxygen diffusion, with pulmonary 
edema developing in the presence of  normal pulmonary 
capillary-filling pressures and in the absence of  a marked 
reduction in oncotic pressure. 

ARDS is an important cause of  PRF after OLT. In 
an old study, the reported incidence of  ARDS was in 
the range of  4.5%-15.7%, with a mortality rate nearing 
80%[9]. 

More than 10 years ago, Golfieri et al[56] also reported 
that 4%-16% of  patients who developed post-OLT lung 
injury deteriorated to severe ARDS, and the mortality 
rate of  these patients was as high as 80%-100%.

Treatment for ARDS is primarily supportive, with fluid 
restriction, lung-protective mechanical ventilation, mild 
hypercapnia, and optimal PEEP[57]. The use of  high 
PEEP has raised certain concerns, however[58], because of  
the potentially reduced venous return in a newly engraft-
ed liver. Given the still limited data available, the literature 
affords no definitive answers on the use of  “permissive” 
PEEP in this setting.

When critical hypoxemia ensues in patients with se-
vere ARDS, additional rescue therapies may be adminis-
tered, such as inhaled NO and prostaglandins[59]. 

PREVENTING PPCS AFTER OLT
The period following transplantation surgery is marked 
by variable changes in the structure and function of  the 
respiratory system, which can particularly affect severely 
debilitated patients. The normal activity of  liver recipi-
ents is usually reduced due to a low physical performance 
status both before and after liver transplantation.

Similar to what is advisable after upper abdominal 
surgery, important strategies for PPC reduction may 
include early extubation associated with lung expansion 
maneuvers, which comprise incentive spirometry, deep 
breathing exercises, intermittent positive-pressure breath-
ing, and continuous positive airway pressure (CPAP)[60]. 
Manual techniques, including chest percussion and vibra-
tion, are alternative treatment approaches if  airway clear-
ance is not sufficient (Table 4).

Early extubation is the key element to reduce PPCs 
and ICU stay and to speed patients’ recovery. There is a 
substantial body of  evidence proving that patients who 
undergo OLT can be extubated immediately after sur-
gery, with few pulmonary complications, a lower risk of  
postoperative infection, and no effect on 1- or 3-year 
graft survival[61]. 

The specific benefit of  each chest physical therapy 
technique has not been fully evaluated, and even combin-
ing various methods does not seem to provide additional 

Table 4  Major strategies to prevent postoperative pulmonary 
complications after orthotopic liver transplantation

Preoperative strategies Intraoperative strategies
   Pulmonary rehabilitation prior 
   to OLT

   Reduction in the degree of surgical 
   insult
   Reduction in the level of 
   aggressiveness
   Reduction in the duration of procedure
   Reduction in the amount of blood lost

Postoperative ventilation[60,61,64,65] Postoperative care[68]

   Early extubation    Adequate postoperative pain relief
   Optimal hemodynamic and fluid 
   management
   Improvement of general health and 
   nutrition

   Lung expansion maneuvers
   Deep breathing exercises
   Timely execution of bronchial 
   toilette
   NIV
   Chest percussion and vibration
   Invasive mechanical 
   ventilation: assisted modes 
   with minimal sedation

OLT: Orthotopic liver transplantation; NIV: Non-invasive ventilation.
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risk reduction. However, CPAP is particularly useful for 
patients who cannot perform deep breathing or incentive 
spirometry exercises after extubation[62]. 

In the case of  reduced postoperative lung volumes, 
the elevation of  both hemidiaphragms, and lower-lobe 
atelectasis, the work of  breathing can be consistently 
augmented, making it difficult to achieve and maintain 
postoperative ventilatory autonomy. In liver recipients 
who remain under invasive mechanical ventilation, venti-
lator use may significantly influence the disuse of  muscle 
dysfunction. Assisted modes of  ventilation with minimal 
sedation should be favored over “controlled” modes, as 
complete diaphragm rest will rapidly lead to atrophy[63]. 

Due to the important restrictive respiratory pattern 
of  cirrhotic patients and abdominal hypertension, wean-
ing from a ventilator after OLT can take longer because 
of  unsatisfactory gas exchange during various T-piece tri-
als. Rapid extubation followed by immediate noninvasive 
ventilation (NIV) application should be considered in 
this setting to shorten and accelerate the weaning process 
in those recipients who do not completely fulfill the cri-
teria for safe extubation[64]. By resting and unloading the 
inspiratory muscles, NIV with pressure support enables 
both hypercapnic and hypoxic patients to improve faster 
and may prevent basal atelectasis induced by abdominal 
distension. Chest physical therapy associated with CPAP 
or NIV stimulates lung expansion and improves lung 
ventilation, thereby preventing or reducing the build-up 
of  liquid in the pleural space. 

The early and “prophylactic” use of  NIV may also 
reduce the risk of  reintubation[65]. Because NIV leaves 
the upper airways intact, this method can reduce not only 
bacterial colonization and nosocomially acquired infec-
tions but also hemorrhagic complications in cases of  un-
derlying coagulopathy.

Many respiratory disorders following OLT respond to 
specific treatments, such as hemofiltration, pleural drain-
age, bronchial toilette, and abdominal drainage, with ex-
pected improvements over a period of  hours or days. Sup-
porting the failing recipient with early NIV may reduce 
the work of  breathing and maintain gas exchange while 
awaiting an improvement in spontaneous ventilation.

Adequate postoperative pain relief, optimal hemo-
dynamic and fluid management, the timely execution of  
bronchial toilette, airway clearance maneuvers (assisted 
cough and expiratory airflow techniques), and trials of  
NIV in the case of  respiratory fatigue are extremely use-
ful to facilitate the rehabilitation process.

Postoperative pain is a major cause of  shallow breath-
ing and impaired coughing, resulting in retention of  
secretions, atelectasis, hypoxemia, hypercapnia, and re-
spiratory failure, especially in patients with pre-existing 
lung disease. Adequate treatment of  pain will prevent hy-
poventilation and reduce the respiratory rate. Paracetamol 
at reduced doses, along with rescue doses of  tramadol, 
should be offered as a valid analgesic regimen[66]. 

The improvement of  sedation management, simple 
interventions aiming at actively mobilizing the recipient, 

and increasing the amount of  time out of  bed are further 
advantageous for lung function. 

Although the level of  evidence for implementing 
multimodal preventive measures is relatively low[67], and 
although many of  the procedures believed to reduce the 
risk of  PPCs are supported by a conventional “traditional” 
consensus, early respiratory disorders associated with cir-
rhosis and transplantation surgery undoubtedly benefit 
from an optimized patient care program with a multidis-
ciplinary approach. 

Promising new interventions may rely on more accu-
rate preoperative respiratory assessment, e.g., with maxi-
mal inspiratory pressure and maximal expiratory pressure 
measurements, quantification of  the degree of  respiratory 
muscle weakness, optimization of  chronic inflammatory 
pulmonary disease, preoperative lung expansion maneu-
vers, inspiratory muscle training performed in a chest 
physical therapy outpatient setting or a pulmonary rehabil-
itation clinic in the hospital, and improvement of  general 
health and nutritional status[68]. 

It should be noted, however, that pulmonary rehabili-
tation prior to OLT may be of  unpredictable value, as the 
variable waiting times before surgery, along with malnu-
trition and end-stage cirrhosis-related muscle weakness, 
may insufficiently affect exercise capacity and are thus 
unlikely to reduce postoperative risk.

Additional interventions of  more expected benefit in-
clude an effort to reduce the degree of  surgical insult, the 
level of  aggressiveness, the duration of  the procedure, 
and the amount of  blood lost.

Better identification of  patient- and procedure-related 
risks of  pulmonary complications, the recognition of  
independent predictors of  PRF, and the application of  a 
local treatment protocol in high-risk patients, may favor-
ably influence both the incidence and the outcome of  
PPCs.

CONCLUSION
Many reports underscore that infectious and other PPCs 
are important contributors to early morbidity and mor-
tality in liver transplant patients[4,8,55]. Despite advances in 
surgical techniques and anesthesiological management, 
the lung may still suffer throughout the perioperative pe-
riod from various types of  injury, with different ensuing 
ventilatory impairments and different clinical outcomes. 

Postoperative respiratory complications are not always 
related to preoperative respiratory disorders, but rather 
may be the result of  systemic inflammatory responses 
induced by surgical trauma, hemodynamic impairment, 
reperfusion syndrome, “distant” organ dysfunction, or 
early graft dysfunction. The severity of  any PPC is also 
believed to depend on a recipient’s clinical condition at 
the time when the complication occurs[31]. The stress 
response to the surgery is maximal soon after OLT and 
is expressed by disrupted circulating hormone concentra-
tions, with increased antidiuretic activity. Electrolyte ab-
normalities and water retention are also common at this 
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time due to the nephrotoxic effects of  the immunosup-
pressants administered. 

Pleural effusion, atelectasis, pneumonia, and ARDS 
may be severe enough to demand or prolong the need 
for tracheal intubation, resulting in a higher risk of  noso-
comial infections, longer stays at the ICU and/or in the 
hospital, and a worse clinical outcome[69]. The lungs are 
particularly vulnerable to infectious diseases after OLTx 
and represent the second most common site (after the 
abdominal cavity) of  colonization by nosocomial patho-
gens. Infectious complications involving the respiratory 
tract are acknowledged to be an important cause of  death 
in liver transplant recipients[18]. In certain old studies by 
Plevak et al[70] and Shieh et al[71], patients who developed 
pneumonia in the early postoperative period and required 
prolonged mechanical ventilation had a mortality rate of  
43%. Singh et al[29] also reported an overall mortality rate 
of  28% in transplant recipients with pulmonary infiltrates 
in the ICU and a mortality rate of  47% after 14 d among 
patients with pneumonia. Bozbas et al[4] found significant-
ly lower survival rates for patients yielding microorgan-
isms by deep tracheal aspirate culture. The early mortality 
rate was higher for patients whose thoracentesis cultures 
were positive. 

Currently, the overall 1- and 5-year survival rates after 
OLT are approximately 85% and 68%, respectively, with 
a 10-year survival rate approaching 50%[72]. Judging from 
the multicenter-based prospective data collected by Watt 
et al[73], post-transplant respiratory diseases now account 
for only 2.4% of  all deaths. Among the deaths after OLT, 
those of  an infectious nature (> 19%) occur earlier, and 
pneumonia is among the most important contributors to 
the overall morbidity and mortality rates.

In conclusion, numerous perioperative factors may be 
responsible for impaired respiratory function after OLT. 
It is of  paramount importance to accurately identify 
any lung disorders because pulmonary infectious com-
plications need to be treated rapidly and aggressively to 
prevent diffuse lung lesions and potential evolution into 
multisystem organ failure. 
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Abstract
AIM: To assess tumour regression grade (TRG) and 
lymph node downstaging to help define patients who 
benefit from neoadjuvant chemotherapy.

METHODS: Two hundred and eighteen consecutive 
patients with adenocarcinoma of the esophagus or gas-

tro-esophageal junction treated with surgery alone or 
neoadjuvant chemotherapy and surgery between 2005 
and 2011 at a single institution were reviewed. Triplet 
neoadjuvant chemotherapy consisting of platinum, fluo-
ropyrimidine and anthracycline was considered for oper-
able patients (World Health Organization performance 
status ≤ 2) with clinical stage T2-4 N0-1. Response to 
neoadjuvant chemotherapy (NAC) was assessed using 
TRG, as described by Mandard et al . In addition lymph 
node downstaging was also assessed. Lymph node 
downstaging was defined by cN1 at diagnosis: assessed 
radiologically (computed tomography, positron emission 
tomography, endoscopic ultrasonography), then patho-
logically recorded as N0 after surgery; ypN0 if NAC 
given prior to surgery, or pN0 if surgery alone. Patients 
were followed up for 5 years post surgery. Recurrence 
was defined radiologically, with or without pathological 
confirmation. An association was examined between 
t TRG and lymph node downstaging with disease free 
survival (DFS) and a comprehensive range of clinico-
pathological characteristics. 

RESULTS: Two hundred and eighteen patients under-
went esophageal resection during the study interval with 
a mean follow up of 3 years (median follow up: 2.552, 
95%CI: 2.022-3.081). There was a 1.8% (n = 4) inpa-
tient mortality rate. One hundred and thirty-six (62.4%) 
patients received NAC, with 74.3% (n = 101) of patients 
demonstrating some signs of pathological tumour re-
gression (TRG 1-4) and 5.9% (n = 8) having a complete 
pathological response. Forty four point one percent (n 
= 60) had downstaging of their nodal disease (cN1 to 
ypN0), compared to only 15.9% (n  = 13) that under-
went surgery alone (pre-operatively overstaged: cN1 to 
pN0), (P  < 0.0001). Response to NAC was associated 
with significantly increased DFS (mean DFS; TRG 1-2: 5.1 
years, 95%CI: 4.6-5.6 vs  TRG 3-5: 2.8 years, 95%CI: 
2.2-3.3, P  < 0.0001). Nodal down-staging conferred 
a significant DFS advantage for those patients with a 
poor primary tumour response to NAC (median DFS; 
TRG 3-5 and nodal down-staging: 5.533 years, 95%CI: 
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3.558-7.531 vs  TRG 3-5 and no nodal down-staging: 
1.114 years, 95%CI: 0.961-1.267, P  < 0.0001).

CONCLUSION: Response to NAC in the primary tu-
mour and in the lymph nodes are both independently 
associated with improved DFS.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Esophageal cancer; Gastro-esophageal can-
cer; Neoadjuvant; Regression

Core tip: Predictive markers of benefit from neoadju-
vant chemotherapy (NAC) in esophageal adenocarci-
noma are urgently required to provide a “personalised 
medicine” approach: directing treatment to those most 
likely to benefit. Before prospective studies can be initi-
ated, retrospective series need to be interrogated to 
identify likely candidate markers of a positive response. 
In defining a positive response attention needs to be 
given to both response in the primary tumour and in 
the lymph nodes, as a previously unidentified group of 
patients who appear to have a poor tumoural response 
to NAC (tumour regression grade 3-5) do benefit from 
combination therapy by nodal downstaging.

Noble F, Nolan L, Bateman AC, Byrne JP, Kelly JJ, Bailey IS, 
Sharland DM, Rees CN, Iveson TJ, Underwood TJ, Bateman 
AR. Refining pathological evaluation of neoadjuvant therapy for 
adenocarcinoma of the esophagus. World J Gastroenterol 2013; 
19(48): 9282-9293  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i48/9282.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i48.9282

INTRODUCTION
Neoadjuvant therapy followed by surgery is established as 
the gold standard in the management of  patients with lo-
cally advanced adenocarcinoma of  the esophagus/esopha-
gogastric junction. In the United Kingdom neoadjuvant 
chemotherapy (NAC) in conjunction with transthoracic 
esophagogastrectomy is the current standard of  care for 
these patients[1]. The potential benefits of  neoadjuvant 
therapy include: downstaging of  the primary tumour[2] 
and lymph nodes[3], an increase in the resectability of  the 
tumour[4], elimination of  micrometastases[5] and improved 
survival[6]. A recently suggested advantage of  neoadjuvant 
therapy and early assessment of  response is the potential 
for assessing in vivo the chemosensitivity of  the tumour and 
so providing information to tailor multimodal therapy[7]. 
Both NAC and surgery are associated with considerable 
morbidity and mortality[8] and evidence remains inconsistent 
for the survival benefit for patients who undergo NAC[4,8,9]. 
The most recent meta-analysis to compare NAC vs surgery 
alone in 2062 patients suggests a 5.1% survival advantage at 
2 years for patients treated with NAC for adenocarcinoma[6]. 
Patients who have a significant pathological response to 
neoadjuvant therapy have consistently been shown to have 

improved survival when compared to patients who have 
not had a significant response[10-13]. For those patients who 
do not have a significant pathological response, the conse-
quences of  delay to surgery and the benefits of  neoadjuvant 
chemotherapy are not known. Furthermore, it is unclear 
which patients should be considered for tailored adjuvant 
systemic therapy or alternative neoadjuvant therapy.

The pathological response to chemotherapy is most 
widely assessed using Tumour Regression Grading 
(TRG)[1] as described by Mandard et al[14] although this 
has not gained universal acceptance[15]. This system is 
based on the amount of  residual tumour and the degree 
of  fibrosis at the primary tumour[14]. Other proposed 
pathological systems for measuring neoadjuvant treat-
ment response include complete pathological response[16], 
size of  residual tumour[17], number of  residual tumour 
cells[15,18], response classification system[19], size based 
pathological response[17] and downstaging of  cT and cN 
stage[10]. These grading systems have predominately been 
developed following chemoradiotherapy with hetero-
geneous histology with few studies assessing their util-
ity following chemotherapy in patients with esophageal 
adenocarcinoma[2,20-23]. A number of  clinically important 
questions could be addressed by a robust and universally 
accepted measure of  response to neoadjuvant treatment 
including: the ability to accurately predict an individual pa-
tient’s tumour response to preoperative therapy leading to 
non-responders proceeding directly to surgery or being 
considered for alternative neoadjuvant regimes; assess-
ment of  new neoadjuvant regimes, and identification of  
patients who are likely to benefit from adjuvant therapy.

We have therefore assessed pathological response to 
neoadjuvant chemotherapy by assessing the tumour re-
sponse as well as the response in the lymph nodes in a large 
contemporary cohort of  patients with esophagogastric ad-
enocarcinoma managed with neoadjuvant platinum based 
triplet chemotherapy, and describe their associations with 
short- and long-term outcomes. In addition we suggest 
combining both local tumour and nodal responses to NAC.

MATERIALS AND METHODS 
Patients
For this retrospective study, a prospectively collected da-
tabase of  consecutive patients undergoing esophagogas-
tric resection treated at University Hospital Southampton 
National Health Service Foundation Trust (UHSFT) 
between January 2005 and December 2011 was reviewed. 
All patients were discussed at a specialist multidisciplinary 
team meeting (MDT). Standard staging investigations 
included endoscopic ultrasonography, high-resolution 
computed tomography, integrated fluorodeoxyglucose 
positron emission tomography/computed tomography 
(PET-CT) and staging laparoscopy, where indicated and 
were uniformly applied during the study interval. Patients 
considered suitable for potential surgical resection with 
tumours staged as T2N0M0 or above were considered 
for neoadjuvant chemotherapy. 

Neoadjuvant chemotherapy consisted of  three 21 d 
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cycles of  anthracycline, platinum and fluoropyrimidine: 
ECF (epirubicin 50 mg/m2, cisplatin 60 mg/m2, both intra-
venously on 1 d and protracted venous infusion 5-FU 200 
mg/m2 per day) or ECX (epirubicin 50 mg/m2, cisplatin 
60 mg/m2, both intravenously on 1 d and capecitabine 625 
mg/m2 orally twice daily for 21 d) or EOX (epirubicin 50 
mg/m2 iv bolus and oxaliplatin 130 mg/m2 iv infusion over 2 
h on 1 d, capecitabine 625 mg/m2 orally twice daily for 21 d).

Surgery was performed at UHSFT after initial staging 
or 4-6 wk following neoadjuvant chemotherapy. A repeat 
CT scan was performed, prior to surgery, for those who 
received chemotherapy to assess their response to che-
motherapy and disease operability. Types of  esophago-
gastrectomies included Ivor Lewis, left thoracoabdominal 
with or without cervical anastomosis and transhiatal 
esophagogastrectomy or minimally invasive esophago-
gastrectomy (MIO) either 2 stage (MIO-2) or 3 stage 
(MIO-3) in accordance with recommendations arising 
from the consensus statement from the Association of  
Upper Gastrointestinal Surgeons and the Association of  
Laparoscopic Surgeons for introduction of  MIO[24].

Data recorded included demographics, tumour char-
acteristics, resection type, estimated blood loss (calculated 
from suction bottles and weighed swabs) and histopatho-
logical analysis of  the surgical specimen. TNM-7 (Inter-
national Union Against Cancer TNM Classification 7th 
Edition) was used to report tumour stage after analysis 
of  pathology reports[25]. Pathological tumour clearance 
(“R”-status) was determined according the Royal College 
of  Pathologists’ guidance.

Postoperative complications were graded according 
to the Clavien-Dindo (CD) classification[26]. An AL was 
defined as a leak sufficient to cause symptoms and con-
firmed by radiology (contrast enhanced multi-detector 
CT scan with on-table oral contrast or water soluble con-
trast studies), endoscopy or during surgical exploration. 

All patients were cared for by a specialist esophagogas-
tric team who applied a similar perioperative regime to all 
patients. Patients were routinely followed-up for 5 years 
post surgery according to the following protocol: 2-4 wk 
post-discharge, 3 monthly for 1 year, 6 monthly for 2 years 
and yearly thereafter. Patients were also seen on an “as re-
quired” basis if  symptomatic. Recurrence of  disease during 
follow-up was defined as the first site or sites of  recurrence 
with radiological or pathological confirmation. For assess-
ment of  disease free survival (DFS), recurrence was defined 
as time from operation to development of  local, nodal (re-
gional) and distant metastasis (whichever occurred first).

Factors analysed
Pathological response to chemotherapy was assessed using 
the TRG system developed by Mandard et al[14] who scored 
regression based on the degree of  fibrosis and residual 
cancer cells (TRG 1-5)[14,27], see Table 1. All dissected lymph 
nodes were stained with hematoxylin and eosin and micro-
scopically analysed for metastatic disease. TRG was scored 
by specialist gastrointestinal pathologists; initially by one 
pathologist (Bateman AC) prior to its introduction by all 
pathologists as part of  routine pathological reporting.

Statistical analysis
Descriptive data are represented as median and range un-
less indicated with Kruskal-Wallis, Mann Whitney U, P 
and χ 2 test, which were used as appropriate for compari-
son. Kaplan-Meier, univariate and multivariate cox logistic 
regression modelling were used to assess the relationship 
between pathological response grading systems with DFS. 
All factors that showed statistical significance on univari-
ate analysis were entered to derive the final model. DFS 
curves of  the patients were plotted by using the Kaplan-
Meier method and analysed using the Log-rank test. 
Stratified analyses were performed based on receipt of  
neoadjuvant chemotherapy, nodal stage and response to 
chemotherapy. A P < 0.05 was considered statistically sig-
nificant for all tests. Statistical analysis was performed with 
SPSS® version 19 (SPSS, Chicago, Illinois, United States).

RESULTS
Study patients
A total of  218 patients underwent esophageal resection 
during the study interval with a mean follow up of  3 years 
(median follow up: 2.552, 95%CI: 2.022-3.081). There was 
a 1.8% (n = 4) inpatient mortality rate. Detailed patient 
characteristics and clinical and pathological outcomes are 
summarised in Table 2, grouped by treatment.

Patients who underwent surgery alone (n = 82; 
37.6%) were significantly older (P < 0.0001), had worse 
physiological status (ASA P = 0.005; performance status 
P = 0.001; O-POSSUM P < 0.0001) and lower preopera-
tive staged disease (cT stage P < 0.0001; cN stage P < 
0.0001) compared to patients that underwent multimodal 
therapy. 

One hundred thirty-six (62.4%) patients received mul-
timodal therapy, neoadjuvant chemotherapy and surgery, 
with 74.3% (n = 101) of  patients demonstrating some 
signs of  pathological tumour regression (TRG 1-4) with 
5.9% (n = 8) having a complete pathological response. 
Forty four point one percent (n = 60) had downstaging 
of  their nodal stage compared to only 15.9% (n = 13) 
whose lymph node status was cN1 on preoperative stag-
ing and pN0 following surgery alone (P < 0.0001). 

There were no statistically significant differences in 
postoperative pathological tumour stage (yp or pT, P = 
0.692); yp or pN P = 0.758), postoperative complications 
(CD maximum grade, P = 0.590) or completeness of  
resection (P = 0.772) in patients that underwent multi-
modal therapy vs surgery alone. 
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  Grade Definition

  TRG 1 No residual cancer
  TRG 2 Rare residual cancer cells
  TRG 3 Fibrosis outgrowing residual cancer
  TRG 4 Residual cancer outgrowing fibrosis
  TRG 5 Absence of regressive changes

Table 1  Tumour regression scoring according to Mandard 
et al [14]

TRG: Tumour Regression Grade.
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  Characteristic Surgery only 82 (37.6) Neoadjuvant chemotherapy and P  value

surgery 136 (62.4)
  Preoperative status
     Age (range)1 yr 74.32 (42.08-85.41) 63.76 (32.77-81.28) < 0.0001
     Sex ratio (M:F)1 68 (82.9):14 (17.1) 118 (86.8):18 (13.2)   0.439
     cT stage 1    17 (20.7)    0 (0.0) < 0.0001

2    30 (36.6)    16 (16.0)
3    34 (41.5)  114 (84.0)
4    1 (1.2)    6 (4.4)

     cN stage 0    36 (43.9)    19 (14.0) < 0.0001
1    46 (56.1)  117 (86.0)

     cM stage 0    80 (97.6)  134 (98.5)   0.613
1    1 (2.4)    2 (1.4)

     Performance status 0      8 (11.6)    35 (25.7)   0.001
1    51 (73.9)    96 (70.6)
2    10 (14.5)    5 (3.7)

     ASA 1    3 (3.7)  11 (8.1)   0.005
2    56 (68.3)  106 (78.5)
3 23 (28)    18 (13.3)

  O-POSSUM      18 (12-30)       16 (12-26) < 0.0001
     Tumour site Middle 1/3    1 (1.2)    1 (0.7)   0.418

Lower 1/3 32 (39)    57 (41.9)
GEJ-S1    19 (23.2)    23 (16.9)
GEJ-S2    18 (22.0)    34 (25.0)
GEJ-S3    12 (14.6)    20 (14.7)

  Operative outcomes
     Length of operation (min)1        255 (120-480)        261 (120-471)   0.409
     Blood loss (mL)1      300 (0-2200)      318 (0-3000)   0.429
     Clavien Dindo Max 0    26 (31.7)    53 (39.3) 0.59

1    5 (6.1)    8 (5.9)
2    35 (42.7)    40 (29.6)
3    6 (7.3)    17 (12.6)
4    6 (7.3)    17 (12.6)
5    4 (4.9) 0 (0)

     Anastomotic leaks    8 (9.8)    9 (6.7)   0.413
  Pathological outcomes
     pT or ypT 0    3 (3.6)    8 (5.9)   0.692

1 23 (28)    23 (16.9)
2    17 (20.7) 34 (25)
3    34 (41.5)    66 (48.5)
4    5 (6.1)    5 (3.7)

     pN or ypN 0    40 (48.8)    73 (53.7)   0.758
1    20 (24.4)    21 (15.4)
2    11 (13.4)    25 (18.4)
3    11 (13.4)    17 (12.5)

     pM or ypM 0   82 (100) 136 (100) 1.00
     Tumour regression grade 1 -    8 (5.8) n/a

2 -    28 (20.6)
3 -    20 (14.7)
4 -    45 (33.1)
5 -    35 (25.7)

     Nodal downstaged (cN1 to p or ypN1)    13 (15.9)    60 (44.1) < 0.0001
     Positive nodes1      1 (0-21)      0 (0-24)   0.789
     Nodal yield1    18 (4-49)    18 (3-53)   0.242
     Resection clearance R0    65 (79.3)  110 (80.9)   0.772
     Vascular invasion    24 (29.3)    41 (30.1)   0.891
     Lymphatic invasion   9 (11)    22 (16.2) 0.28
     Perineural invasion    8 (9.8)    20 (14.7)   0.291
     Maximum tumour diameter (mm)1    25 (0-90)      25 (0-155)  0.998
     Morphology Ulcer 48 (60)    96 (74.4)   0.029

Polypoid    22 (27.5)    23 (17.8)
Fungating    2 (2.5)    3 (2.3)

Diffuse infiltrating   8 (10)    7 (5.4)
     Grade G1    6 (7.3)    16 (11.8)   0.669

G2    30 (36.6)    37 (27.2)
G3    46 (56.1)    82 (60.3)
G4 0 (0)    1 (0.7)

     Sites of recurrence Local    3 (3.7)    8 (5.9)   0.461

Table 2  Clinical and pathological characteristics of the 218 patients operated on for esophageal and gastro-esophageal 
adenocarcinoma, according to treatment  n (%)
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The relationship of tumour regression grade and 
clinicopathological characteristics
The relationship between patient and tumour character-
istics and response to neoadjuvant chemotherapy, as de-
fined by tumour regression grade, are presented in Table 3.

Of the 136 patients that underwent NAC, 36 (26.5%) 
patients had a significant pathological response (TRG 1-2; 
responders) compared to 100 (73.5%) patients with no sig-
nificant pathological response (TRG 3-5; non-responders). 
Responders and non-responders had similar preoperative 
clinical features (age, sex and physiological status) and clini-
cal stage of  disease (cT stage, P = 0.396; cN stage, P = 0.987; 
cM stage, P = 0.456), yet responders had markedly reduced 
ypT stage (P < 0.0001), maximal pathological tumour di-
ameter (P < 0.0001), and ypN stage (P < 0.0001) and were 
more likely to have their nodal stage downstaged (P < 
0.0001) compared to non-responders (Table 3). In addition, 
responders had tumours that were more likely to be ulcers 
(P = 0.003), showing less vascular (P = 0.004), and peri-
neural invasion (P = 0.072) compared to non-responders. 
Complete resection (R0) was achieved in 97.2% (n = 35) of  
responders compared with 75% (n = 75) of  non-responders 
(P = 0.04). There was no significant difference in postopera-
tive complications as classified by the Clavien Dindo system, 
nodal yield, blood loss or operative time between groups.

The relationship of TRG and lymph node downstaging 
with DFS
There was a significant difference in survival between 
responders compared to non-responders, shown in 
Figure 1A [mean DFS; TRG 1-2: 5.064 years, 95%CI: 
4.560-5.569 (median DFS: not reached) vs TRG 3-5: 2.759 
years, 95%CI: 2.193-3.325 (median DFS: 1.613, 95%CI: 
0.834-2.39), P < 0.0001].

There was no statistically significant difference in 
survival between patients graded as TRG 1 compared to 
TRG 2 [mean DFS; TRG-1: 5.021, 95%CI: 4.069-5.973 vs 
TRG-2: 4.983, 95%CI: 4.069-5.973, P < 0.0001 (median 
DFS’s: not reached)].

Patients with lymph node downstaging following NAC 
had improved DFS vs patients without downstaging, Fig-
ure 1B [median DFS; lymph node (LN) downstaged: 5.316 
years, 95%CI: 4.504-6.127 (median DFS: 5.544) vs LN not 
downstaged: 2.118 years, 95%CI: 1.594-2.643 (median 
DFS: 1.210, 95%CI: 1.026-1.394), P < 0.0001].

Univariate and multivariate analysis for predicting DFS 
following neoadjuvant chemotherapy
Univariate and multivariate analysis confirmed known 
predictors of  DFS in esophageal adenocarcinoma (OAC) 
that are detailed in Table 4. Factors that retained signifi-
cance for the prediction of  worse DFS on multivariate 
analysis were: vascular invasion (HR = 1.929, 95%CI: 

1.034-3.6, P = 0.039), perineural invasion (HR = 2.766, 
95%CI: 1.444-5.3, P = 0.002), no significant response to 
NAC (HR = 6.315, 95%CI: 1.261-31.616, P = 0.025) and 
the absence of  lymph node downstaging (HR = 6.161, 
95%CI: 1.683-22.554, P = 0.006).

The relationship of lymph node downstaging and status 
with clinicopathological characteristics and DFS
Patients with no pathological lymph node involvement 
were compared (pN0 vs ypN0), grouped as those who had 
surgery alone (pN0) vs multimodal therapy (ypN0), with 
detailed clinical and pathological characteristics presented 
in Table 5 and DFS shown in Figure 1C.

For patients with no evidence of  pathological lymph 
node involvement increased pre-operative clinical stage 
(cT stage, P < 0.0001; cN stage, P < 0.0001) of  disease 
and increased nodal downstaging (NAC 83.6% vs surgery 
alone 37.5%, P < 0.0001) was observed in patients who 
received multimodal therapy vs surgery alone despite 
pathological stage being similar (yp or pT stage, P = 0.224; 
yp or pN stage, P = 1.00).

Patients who underwent surgery alone (pN0) had in-
creased DFS compared to patients who underwent NAC 
and surgery (ypN0) (mean DFS; pN0: 6.285 years, 95%CI: 
5.647-6.923 vs ypN0: 5.102 years, 95%CI: 4.314-5.891 
(median DFS’s: not reached, P = 0.042).

Evaluation of combined local tumour response grade 
and lymph node downstaging
Eighty-three point three percent of  responders’ addition-
ally demonstrated downstaging of  their regional lymph 
nodes compared to only 30% of  non-responders, spread 
across TRG 3-5, Figure 2.

The presence of  lymph node downstaging in apparent 
non-responders was associated with significantly improved 
DFS (median DFS; TRG 3-5 and nodal down-staging: 
5.544, 95%CI: 3.558-7.531 vs TRG 3-5 and LN not down-
staged: 1.114, 95%CI: 0.961-1.267, P < 0.0001), Figure 3.

DISCUSSION
Neoadjuvant treatment for esophageal cancer is associ-
ated with increased survival. However, it is clear that not 
all patients (and their tumours) respond to neoadjuvant 
therapy in the same way. It is likely that improved out-
comes will be observed by the tailoring of  neoadjuvant 
and adjuvant therapy based on patient stratification ac-
cording to tumour response. 

In this study we have analysed a consecutive cohort 
of  patients with esophageal adenocarcinoma (OAC) 
undergoing treatment with curative intent to assess the 
primary tumour and regional lymph node response to 
NAC. We have described three main findings: firstly, we 

Values in parentheses are percentages unless indicated. 1Values in parentheses are range. ASA: American society of anesthesiologists classification; 
O-POSSUM: Oesophagogastric surgery-physiological and operative severity score for the enumeration of mortality and morbidity; GEJ-S1-3: Gastro-
esophageal junction-Siewert type 1-3.
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Nodal    5 (6.1)    14 (10.4)   0.281
Distant    18 (22.0)    44 (32.6)   0.093
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TRG 1-2 36 (26.5) TRG 3-5 100 (73.5) P  value

  Preoperative status
     Age (range) yr1 65.27 (26.99-76.04) 63.51 (32.77-81.28)   0.410
     Sex ratio (M:F)1 32 (88.9):4 (11.1) 86 (86):14 (14)   0.662
     cT stage 1 0 (0) 0 (0)   0.396

2    2 (5.6) 14 (14)
3    33 (91.7) 81 (81)
4    1 (2.8) 5 (5)

     cN stage 0      5 (13.9) 14 (14)   0.987
1    31 (86.1) 86 (86)

     cM stage 0    35 (97.1) 99 (99)   0.456
1    1 (2.8) 1 (1)

     Performance status 0    12 (33.3) 23 (23)   0.225
1    23 (63.9) 73 (73)
2    1 (2.8)    4 (4.0)

     ASA 1    2 (5.6)    9 (9.1)   0.408
2    32 (88.9)    74 (74.7)
3    2 (5.6)    16 (16.2)

     O-POSSUM      15 (12-23)      16 (12-26)   0.476
     Tumour site Middle 1/3    1 (2.8) 0 (0)   0.738

Lower 1/3    15 (41.7) 42 (42)
GEJ-S1      7 (19.4) 16 (16)
GEJ-S2    9 (25) 25 (25)
GEJ-S3      4 (11.1) 16 (16)

  Operative outcomes
     Length of operation (min)1        262 (163-427)        260 (120-471)   0.513
     Blood loss (mL)1      300 (0-3000)      325 (0-1700)   0.673
     Clavien Dindo Max 0    14 (38.9)    39 (39.4)   0.531

1    2 (5.6)    6 (6.1)
2    14 (38.9)    26 (26.3)
3      4 (11.1)    13 (13.1)
4    2 (5.6)    15 (15.2)
5 0 (0) 0 (0)

     Anastomotic leaks    1 (2.8)    8 (8.1)   0.276
  Pathological outcomes
     yPT 0      8 (22.2) 0 (0) < 0.0001

1    11 (30.6) 12 (12)
2   9 (25) 25 (25)
3      8 (22.2) 58 (58)
4 0 (0) 5 (5)

     yPN 0    34 (94.4) 39 (39) < 0.0001
1 0 (0) 21 (21)
2    2 (5.6) 23 (23)
3 0 (0) 17 (17)

     yPM 0   36 (100) 100 (100)   0.579
     Nodal downstaged (cN1 to ypN0)    30 (83.3) 30 (30) < 0.0001
     Positive nodes1    0 (0-5)      1 (0-24) < 0.0001
     Nodal yield1    18 (4-25)    18 (3-53)   0.984
     Resection clearance R0    35 (97.2) 75 (75)   0.004
     Vascular invasion      4 (11.1) 37 (37)   0.004
     Lymphatic invasion      4 (11.1) 18 (18)   0.338
     Perineural invasion    2 (5.6) 18 (18)   0.072
     Maximum tumour diameter1 (mm)      15 (0-110)      30 (0-155) < 0.0001
     Morphology Ulcer    30 (93.8) 66 (68)   0.003

Polypoid    2 (6.3)    21 (21.6)
Fungating 0 (0)    3 (3.1)

Diffuse infiltrating 0 (0)    7 (7.2)
     Grade G1      8 (22.2) 8 (8)   0.104

G2   9 (25) 28 (28)
G3    19 (52.8) 63 (63)
G4 0 (0) 1 (1)

     Sites of recurrence Local 0 (0)    8 (8.1)   0.080
Nodal    1 (2.8)    13 (13.1)   0.082
Distant    2 (5.6)    42 (42.4) < 0.0001

Table 3  Clinical and pathological characteristics of the 136 patients treated with neoadjuvant chemotherapy for esophageal and gastro-
esophageal adenocarcinoma, classified as responders Tumour regression grade 1-2 or non-reponders tumour regression grade 3-5  n (%)

Values in parentheses are percentages unless indicated. 1Values in parentheses are range. TRG: Tumour Regression Grade; ASA:American Society of 
Anesthesiologists classification; O-POSSUM: Oesophagogastric surgery-physiological and operative severity score for the enumeration of mortality and morbidity; 
GEJ-S1-3: Gastro-esophageal junction-Siewert type 1-3.
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have confirmed that a significant pathological response as 
described by Mandard et al[14] is associated with improved 
DFS; Secondly we have confirmed that lymph node 
downstaging leads to improved DFS[10]; Thirdly, and most 
importantly, we describe that when tumour and nodal re-
sponse are combined, a group of  patients who previously 
would have been classified as non-responders to NAC 
actually have significantly increased DFS.

There is considerable debate regarding the role of  
tumour regression in OAC. Conflicting opinions are evi-
dent, for what represents a significant tumour response, 
even within the TRG grading system. In our study TRG-3 
tumours, despite representing tumours whose fibrosis out-
grows the residual tumour, clearly grouped with TRG-4 
and TRG-5 and not TRG-1 and TRG-2 tumours in terms 

of  DFS. This is in keeping with previous studies that have 
observed a significant increase in survival and/or metabol-
ic response on serial PET imaging for TRG groups 1 and 
2 compared to TRG groups 3 to 5[14,18,19,22,28,29]. In addition, 
we found there to be no significant difference in DFS be-
tween complete pathological responders (TRG-1) vs major 
responders (TRG-2) consistent with other studies[14,22]. As 
has been previously suggested this may reflect a type Ⅱ 
error due to insufficient sample size or the intensity of  
pathological sampling[22]. The observed increase in DFS in 
patients with a significant tumour response to NAC in this 
study may also reflect the significantly increased resectabil-
ity (R0 rate) of  the primary tumour. It may also reflect the 
selection of  tumours that are biologically more favourable 
as suggested by reduced vascular invasion (P = 0.004), tu-
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Figure 1  Kaplan-Meier curve of patients. A: Patients (n = 136) received neoadjuvant chemotherapy grouped by tumour regression grade. Left: Tumour Regression 
Grade (TRG) 1-5 (P < 0.0001); Right: TRG 1-2 vs TRG 3-5 (P < 0.0001); B: Patients (n = 136) received neoadjuvant chemotherapy  grouped by presence or absence 
of lymph node downstaging (P < 0.0001); C: Patients (n = 113) with no pathological lymph node metastasis grouped by treatment (P = 0.042).
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mour morphology (P = 0.003) and increased lymph node 
downstaging (P < 0.0001).	

In this study we confirmed the association between 
lymph node downstaging after NAC and improved 
DFS[10]. Bollschweiler et al[3] showed regression in lymph 
nodes, such as central fibrosis, to predict improved 
survival and response to chemoradiotherapy[3]. This 
would require additional pathological time and expertise 
whereas downstaging can be more simply assessed from 
the data available to the multidisciplinary team (MDT) 
after surgery, to assess a patient’s prognosis and potential 
for adjuvant therapies. The number of  positive lymph 
nodes is consistently the most important prognostic 
factor associated with survival[30]. However, the clinical 
significance of  downstaging is controversial due to the 
difficulties in evaluating preoperative status. This study 

has the advantage of  using contemporary and uniformly 
implemented clinical staging based on current United 
Kingdom practice. The comparison of  nodal stage based 
on pre-operative staging assessment (cN) and post-
operative pathology (pN) is open to the criticism that 
any downstaging simply reflects overdiagnosis of  lymph 
node metastases on preoperative staging. To address this 
point we assessed the survival of  patients with no posi-
tive lymph nodes in the pathological specimen, compar-
ing NAC with surgery alone (ypN0 vs pN0). We found 
that patients receiving NAC with ypN0 disease had 
reduced DFS across all sites of  recurrence compared to 
patients treated by surgery alone with pN0 disease. This 
reached statistical significance when overall DFS was as-
sessed (P = 0.042). Whilst the patients that underwent 
multimodal or surgery only had comparable pathological 

Univariate Multivariate

HR 95%CI P  value HR 95%CI P  value
  Patient factors
     Age 0.972 (0.944-1.00)   0.054
     Sex Female 1.000 Ref

Male 0.953 (0.453-2.005)   0.899
     ASA 1 1.000 Ref

2 0.696 (0.313-1.548)   0.374
3 0.947 (0.352-2.546)   0.914

     Performance status 0 1.000 Ref
1 1.016 (0.578-1.789)   0.955
2 0.950 (0.218-4.129)   0.945

  O-POSSUM
  Tumour response
     TRG 1 1.000 Ref

2 1.099 (0.099-12.148)   0.939
3 8.404 (1.071-65.929)   0.043
4 7.829 (1.054-58.163)   0.044
5         15.422   (2.083-114.189)   0.007

     TRG grouped 1-2 1.000 Ref 1.000 Ref
3-5 9.504 (2.973-30.380) < 0.0001 6.315 (1.261-31.616) 0.025

  Lymph node response
     Lymph nodes downstaged Yes 1.000 Ref 1.000 Ref

No 5.784 (3.064-10.919) < 0.0001 6.161 (1.683-22.554) 0.006
  Tumour factors
     ypT stage 0 1.000 Ref 1.000 Ref

1 2.085 (0.232-18.711)   0.512 0.281 (0.020-3.928) 0.345
2 5.214 (0.687-39.549)   0.110 0.286 (0.022-3.705) 0.338
3 9.490 (1.293-69.635)   0.027 0.469 (0.034-6.460) 0.571
4         52.907   (6.008-465.873) < 0.0001 1.519   (0.087-26.389) 0.774

     ypN stage 0 1.000 Ref 1.000 Ref
1 4.791 (2.434-9.431) < 0.0001 0.476 (0.133-1.700) 0.253
2 4.102 (2.005-8.392) < 0.0001 0.254 0.070-0.927) 0.038
3 7.449   (3.522-15.756) < 0.0001 0.476 (0.129-1.755) 0.265

     ypM stage 0 1.000 Ref 1.000 Ref
1 3.172 (1.253-8.031)   0.015 2.693 (0.924-7.847) 0.069

     Vascular invasion No 1.000 Ref 1.000 Ref
Yes 3.444 (2.080-5.702) < 0.0001 1.929 (1.034-3.600) 0.039

     Lymphatic invasion No 1.000 Ref 1.000 Ref
Yes 2.201 (1.268-3.821)   0.005 1.253 (0.637-2.462) 0.514

     Perineural invasion No 1.000 Ref 1.000 Ref
Yes 5.073 (2.896-8.886) < 0.0001 2.766 (1.444-5.300) 0.002

     Resection clearance R0 1.000 Ref 1.000 Ref
R1 3.869 (2.272-6.588) < 0.0001 1.805 (0.940-3.468) 0.076

Table 4  Univariate and multivariate Cox regression analyses of patient and tumour factors with disease free survival for patients 
undergoing neoadjuvant chemotherapy (n  = 136) 

TRG: Tumour Regression Grade; ASA: American Society of Anesthesiologists classification; O-POSSUM: Oesophagogastric surgery-physiological and 
operative severity score for the enumeration of mortality and morbidity. 
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staged disease they are different based on their clinical 
stage and survival. It is therefore unlikely that our clini-
cal staging was inadequate and suggests that the majority 

of  patients with ypN0 disease in fact had lymph node 
metastases prior to treatment. 

The increased survival observed with lymph node 

Noble F et al . Evaluating neoadjuvant chemotherapy in esophageal adenocarcinoma

pN0 Surgery alone 40 (35.4) ypN0 Neoadjuvant chemotherapy 
and surgery 73 (64.6)

P  value

  Preoperative status
  Age (range) yr1            73.62 (56.73-85.41)           65.59 (32.77-78.43) < 0.0001
  Sex ratio (M:F)1                  31 (77.5):9 (22.5)                66 (90.4):7 (9.8)  0.061
     cT stage 1    13 (32.5) 0 (0) < 0.0001

2    17 (42.5)      9 (12.3)
3 10 (25)    61 (83.6)
4 0 (0)    3 (4.1)

     cN stage 0    27 (67.5)    13 (17.8) < 0.0001
1    13 (32.5)    60 (82.2)

     cM stage 0   40 (100)    71 (97.3)  0.293
1 0 (0)    2 (2.8)

     Performance status 0    3 (9.4)    16 (21.9)  0.045
1    25 (78.1) 54 (74)
2      4 (12.5) 3 (4.1)

     ASA 1 2 (5)    6 (8.2)  0.268
2    31 (77.5)    59 (80.8)
3      7 (17.5)   8 (11)

  O-POSSUM1      17 (14-29)      16 (12-26)  0.015
     Tumour site Middle 1/3 0 (0)    1 (1.4)  0.190

Lower 1/3    15 (37.5)    35 (47.9)
OGJ-S1    11 (27.5)    12 (16.4)
OGJ-S2   8 (20)    16 (21.9)
OGJ-S3   6 (15)      9 (12.3)

  Operative outcomes
  Length of operation (min)1        240 (120-360)        278 (120-471)  0.082
  Blood loss (mL)1      200 (0-2200)      350 (0-3000)  0.167
     Clavien Dindo Max 0 14 (35)    24 (32.9)  0.709

1    1 (2.5)    3 (4.1)
2    17 (42.5) 27 (37)
3   4 (10)    10 (13.7)
4 2 (5)      9 (12.3)
5 2 (5) 0 (0)

  Anastomotic leaks   4 (10)    7 (9.6)   0.944
  Pathological outcomes
  TRG 1-2 -    34 (46.6) NA
  TRG 3-5 -    39 (53.4)
     pT or ypT 0 2 (5)    11 (15.1)  0.224

1 22 (55)    20 (27.4)
2      5 (12.5)    20 (27.4)
3 10 (25)    24 (32.9)
4 0 (0)    1 (1.4)

  Nodal Downstaged (cN1 to p or ypN0)    15 (37.5)    61 (83.6) < 0.0001
  Nodal yield1    16 (4-49)    18 (3-52)  0.150
     Resection clearance R0    35 (87.5)    69 (94.5)  0.189
  Vascular invasion      7 (17.5)    10 (13.7)  0.590
  Lymphatic invasion 2 (5)    6 (8.2)  0.525
  Perineural invasion 2 (5)    5 (6.8)  0.698
  Maximum tumour diameter (mm)1    24 (0-50)      24 (0-110)  0.324
     Morphology Ulcer    25 (65.8)    53 (79.1)  0.135

Polypoid    10 (26.3)    11 (16.4)
Fungating    1 (2.6)    1 (1.5)

Diffuse infiltrating    2 (5.3) 2 (3)
     Grade G1   4 (10)    13 (17.8)  0.811

G2    17 (42.5)    20 (27.4)
G3    19 (47.5)    40 (54.8)
G4 0 (0) 0 (0)

     Site of recurrence Local 0 (0)    2 (2.7)  0.293
Nodal    1 (2.5)    4 (5.5)  0.463
Distant    3 (7.5)    12 (16.4)  0.182

Table 5  Clinical and pathological characteristics of the 113 patients with pathological N0 stage, according to treatment  n  (%)

Values in parentheses are percentages unless indicated. 1Values in parentheses are range. ASA: American society of anesthesiologists classification; 
O-POSSUM: Oesophagogastric surgery-physiological and operative severity score for the enumeration of mortality and morbidity; NA: Not available. 
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downstaging has important implications for the stag-
ing of  OAC as neoadjuvant therapy is increasingly used. 
Although the final pathological stage of  disease may be 
similar between patients treated with either multimodal 
therapy or surgery alone we have demonstrated that 
the long-term DFS of  these patients are different. This 
would suggest revisions for the staging system for OAC 
to take into account the differences in outcomes for pa-
tients who have similar pathologically staged disease after 
multimodal therapy compared to those treated by surgery 
alone. This hypothesis is further supported by the results 
of  our multivariate analysis of  factors independently re-
lated to outcome in neoadjuvant chemotherapy for OAC. 
This showed that nodal downstaging and TRG were in-
dependent predictors of  DFS but that the classical mark-
ers of  disease burden, PT stage and PN stage, were only 
statistically significant on univariate analysis. Similar ob-
servations and suggestions have been made for patients 
who have undergone neoadjuvant chemoradiotherapy 
followed by surgery when compared to patients who un-
derwent surgery alone[31]. 

There are several advantages of  our study compared 
to other published series. This study consists of  a large 
number of  consecutive patients (n = 218) of  uniform 
histological type, with consistent clinical and pathological 
staging and treatment provided over a contemporary time 
period. The retrospective nature of  this study and the use 
of  multiple pathologists assessing TRG on an individual 
basis are potential limitations. However, the data was vig-
orously collected prospectively and the use of  multiple 
pathologists reflects the usefulness of  TRG in clinical 
practice and is pragmatic. A debate also remains as to 
what system to use to assess a local tumour response to 
neoadjuvant therapy[10,11,14,15,17-19]. The use of  TRG is not 
without controversy as significant tumour regression has 
been reported in patients who underwent surgery alone, 
in up to 13.7% of  cases. It has been suggested that this 
reflects tumour growth within abundant stroma and/or 
lymphocytic infiltration leading to partial tumour regres-
sion[21]. While the association of  lymphocytic infiltration 
and stromal features with survival in cancer is not new 

their association with survival in OAC is yet to be fully 
understood and the clinical impact is unknown[32].

Although a good pathological response of  the pri-
mary tumour might be expected to represent a prognos-
tic predictor after NAC, the low response rate observed 
following NAC remains problematic. In this study we ob-
served a significant response rate of  26.5% (n = 36) as as-
sessed by TRG. However when lymph node downstaging 
is also considered this proportion increases to 48.5% (n = 
66). It can be hypothesised that patients who have a par-
tial response to NAC reflected by downstaging of  lymph 
nodes with modest or no response in the primary tumour 
(TRG 3-5) may be the most appropriate to be considered 
for trials of  adjuvant treatment; as there is limited data 
from other disease sites to suggest only patients respond-
ing to neoadjuvant treatment benefit from further treat-
ment[33]. This is relevant as the role of  adjuvant therapy 
in esophageal cancer is controversial due to concerns 
over the additional benefit of  post operative treatment 
over neoadjuvant alone[8] and toxicity[34], and has resulted 
in the lack of  adoption in the United Kingdom[1]. What 
is clear is that the group of  patients with no significant 
downstaging and ypN1 post neoadjuvant treatment have 
a particularly poor outlook. This group urgently requires 
identification at diagnosis and new trial treatments. This 
requires the ongoing studies of  prognostic and predictive 
biomarkers from this cohort and others to yield meaning-
ful and validated results.

One can now begin to consider an evolving algorithm 
for perioperative treatment of  OAC that may involve 
induction chemotherapy followed by an early assessment 
of  response and the curtailment of, or a change of, neo-
adjuvant therapy for non-responders. Further analysis of  
the primary tumour and lymph nodes after surgery would 
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direct patients with modest or no tumour response (TRG 
3-5) to NAC, but with nodal downstaging, to adjuvant 
therapy. This kind of  stratified therapy will be supported 
by ongoing studies of  biomarkers and molecular imaging. 
The contribution of  the tumour microenvironment is 
also likely to offer new targets for therapy and may be the 
place to look to explain the different responses to therapy 
observed between otherwise similar tumours.

In summary, this study has shown that a response to 
NAC in the primary tumour and in the lymph nodes is as-
sociated with improved outcomes after surgery for adeno-
carcinoma of  the esophageal and gastro-esophageal. A pre-
viously unidentified group of  patients who appear to have 
a poor tumoural response to NAC (TRG 3-5) do benefit 
from NAC with nodal downstaging and increased DFS.

We propose that methods to assess the pathological 
response to NAC are refined so that both the response 
in the primary tumour and the regional lymph nodes is 
used to guide selection of  tailored post operative treat-
ment strategies, identify biomarkers of  response to che-
motherapy, provide prognostic information and assess 
multimodal therapies. 

COMMENTS
Background
Adenocarcinoma of the esophagus and esophageal adenocarcinoma (OAC) is 
a significant and increasing health problem in many countries; linked to rates of 
obesity, smoking, gastro-esophageal reflux disease and Barrett’s oesophagus. 
At presentation, even in operable cases, tumours are often locally advanced 
(T3N1) with multi-institutional randomised studies of surgery alone giving 5 
years survival rates in the order of 15%-24%. So as well as a focus on earlier 
detection and screening of at risk groups, clinical research has focused on ad-
juvant and specifically neo-adjuvant treatments prior to resection. 
Research frontiers
Neoadjuvant chemotherapy can be considered one standard of care, with a 
modest improvement in outcome over surgery alone; detailed in a recent meta-
analysis as HR = 0.83 (95%CI: 0.71-0.95), or an absolute benefit of 5%-10% 
at 2 years. A key focus now is on identifying optimum neoadjuvant approaches 
(which chemotherapy regimens, chemoradiotherapy, small molecule inhibitors, 
biologic agents etc) and which patients should receive them e.g., patients with 
human epidermal growth factor receptor (HER)-2 over expressing tumours re-
ceiving a Trastuzumab containing regimen.
Innovations and breakthroughs
To date prognostic information for OAC has been from standard clinicopathologi-
cal data, and bar HER-2 expression predictive markers of response to treatment 
are lacking. The authors cannot predict at diagnosis who is going to gain from 
neoadjuvant treatment. Globally collaborative groups have been set up to gener-
ate large clinical datasets to link patient outcomes to molecular features: groups 
such as the oesophageal cancer clinical and molecular stratification study group 
in the United Kingdom, which are beginning to highlight important molecular 
determinants of OAC behaviour and identify attractive targets for therapy. The 
expectation is this will lead to valuable prognostic information and also identify 
who should, and should not proceed to a particular neoadjuvant strategy.
Applications
The identification here that both T and N downstaging post neoadjuvant treat-
ment need to be accounted for will help refine clinical datasets and provide prog-
nostic information, as well as inform decisions concerning adjuvant treatment.
Terminology
When reporting the anatomical extent of cancer after preoperative treatment 
has been given pathologists include the prefix “y” to the PTNM.
Peer review
This study is an excellent clinical research as it confirms the association 
between regression grade and prognosis in a large and histologically homog-
enous group of patients treated with platinum based triplet chemotherapy and 

staged uniformly. It contains novel findings that are clinically relevant to physi-
cians treating oesophageal cancer and assessment of both T and N responses 
to neoadjuvant therapy may be of relevance and interest to specialists treating 
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REFERENCES
1	 Allum WH, Blazeby JM, Griffin SM, Cunningham D, Jankows-

ki JA, Wong R. Guidelines for the management of oesophageal 
and gastric cancer. Gut 2011; 60: 1449-1472 [PMID: 21705456 
DOI: 10.1136/gut.2010.228254]

2	 Langer R, Ott K, Feith M, Lordick F, Siewert JR, Becker K. 
Prognostic significance of histopathological tumor regres-
sion after neoadjuvant chemotherapy in esophageal adeno-
carcinomas. Mod Pathol 2009; 22: 1555-1563 [PMID: 19801967 
DOI: 10.1038/modpathol.2009.123]

3	 Bollschweiler E, Hölscher AH, Metzger R, Besch S, Mönig 
SP, Baldus SE, Drebber U. Prognostic significance of a new 
grading system of lymph node morphology after neoadju-
vant radiochemotherapy for esophageal cancer. Ann Thorac 
Surg 2011; 92: 2020-2027 [PMID: 22115212 DOI: 10.1016/
j.athoracsur.2011.06.091]

4	 Kelsen DP, Ginsberg R, Pajak TF, Sheahan DG, Gunderson 
L, Mortimer J, Estes N, Haller DG, Ajani J, Kocha W, Minsky 
BD, Roth JA. Chemotherapy followed by surgery compared 
with surgery alone for localized esophageal cancer. N Engl 
J Med 1998; 339: 1979-1984 [PMID: 9869669 DOI: 10.1056/
NEJM199812313392704]

5	 Matsuyama J, Doki Y, Yasuda T, Miyata H, Fujiwara Y, 
Takiguchi S, Yamasaki M, Makari Y, Matsuura N, Mano 
M, Monden M. The effect of neoadjuvant chemotherapy on 
lymph node micrometastases in squamous cell carcinomas 
of the thoracic esophagus. Surgery 2007; 141: 570-580 [PMID: 
17462456 DOI: 10.1016/j.surg.2006.11.007]

6	 Sjoquist KM, Burmeister BH, Smithers BM, Zalcberg JR, 
Simes RJ, Barbour A, Gebski V. Survival after neoadjuvant che-
motherapy or chemoradiotherapy for resectable oesophageal 
carcinoma: an updated meta-analysis. Lancet Oncol 2011; 12: 
681-692 [PMID: 21684205 DOI: 10.1016/S1470-2045(11)70142-5]

7	 Ott K, Herrmann K, Krause BJ, Lordick F. The Value of PET 
Imaging in Patients with Localized Gastroesophageal Can-
cer. Gastrointest Cancer Res 2008; 2: 287-294 [PMID: 19259277]

8	 Cunningham D, Allum WH, Stenning SP, Thompson JN, 
Van de Velde CJ, Nicolson M, Scarffe JH, Lofts FJ, Falk SJ, 
Iveson TJ, Smith DB, Langley RE, Verma M, Weeden S, 
Chua YJ. Perioperative chemotherapy versus surgery alone 
for resectable gastroesophageal cancer. N Engl J Med 2006; 
355: 11-20 [PMID: 16822992 DOI: 10.1056/NEJMoa055531]

9	 Medical Research Council Oesophageal Cancer Working 
Group. Surgical resection with or without preoperative che-
motherapy in oesophageal cancer: a randomised controlled 
trial. Lancet 2002; 359: 1727-1733 [PMID: 12049861 DOI: 
10.1016/S0140-6736(02)08651-8]

10	 Korst RJ, Kansler AL, Port JL, Lee PC, Kerem Y, Altorki NK. 
Downstaging of T or N predicts long-term survival after preop-
erative chemotherapy and radical resection for esophageal car-
cinoma. Ann Thorac Surg 2006; 82: 480-484; discussion 484-485 
[PMID: 16863749 DOI: 10.1016/j.athoracsur.2006.03.072]

11	 Ancona E, Ruol A, Santi S, Merigliano S, Sileni VC, Koussis 
H, Zaninotto G, Bonavina L, Peracchia A. Only pathologic 
complete response to neoadjuvant chemotherapy improves 
significantly the long term survival of patients with resect-
able esophageal squamous cell carcinoma: final report of a 
randomized, controlled trial of preoperative chemotherapy 
versus surgery alone. Cancer 2001; 91: 2165-2174 [PMID: 
11391598 DOI: 10.1002/1097-0142(20010601)91]

12	 Donington JS, Miller DL, Allen MS, Deschamps C, Nichols 
FC, Pairolero PC. Tumor response to induction chemoradia-
tion: influence on survival after esophagectomy. Eur J Car-
diothorac Surg 2003; 24: 631-636; discussion 636-637 [PMID: 
14500086 DOI: 10.1016/S1010-7940(03)00397-X]

13	 Kelsen DP, Winter KA, Gunderson LL, Mortimer J, Estes 

Noble F et al . Evaluating neoadjuvant chemotherapy in esophageal adenocarcinoma

 COMMENTS



9293 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

NC, Haller DG, Ajani JA, Kocha W, Minsky BD, Roth JA, 
Willett CG. Long-term results of RTOG trial 8911 (USA 
Intergroup 113): a random assignment trial comparison of 
chemotherapy followed by surgery compared with surgery 
alone for esophageal cancer. J Clin Oncol 2007; 25: 3719-3725 
[PMID: 17704421 DOI: 10.1200/JCO.2006.10.4760]

14	 Mandard AM, Dalibard F, Mandard JC, Marnay J, Henry-
Amar M, Petiot JF, Roussel A, Jacob JH, Segol P, Samama G. 
Pathologic assessment of tumor regression after preoperative 
chemoradiotherapy of esophageal carcinoma. Clinicopatho-
logic correlations. Cancer 1994; 73: 2680-2686 [PMID: 8194005]

15	 Hermann RM, Horstmann O, Haller F, Perske C, Christian-
sen H, Hille A, Schmidberger H, Füzesi L. Histomorpholog-
ical tumor regression grading of esophageal carcinoma after 
neoadjuvant radiochemotherapy: which score to use? Dis 
Esophagus 2006; 19: 329-334 [PMID: 16984527 DOI: 10.1111/
j.1442-2050.2006.00589.x]

16	 Meredith KL, Weber JM, Turaga KK, Siegel EM, McLough-
lin J, Hoffe S, Marcovalerio M, Shah N, Kelley S, Karl R. 
Pathologic response after neoadjuvant therapy is the major 
determinant of survival in patients with esophageal cancer. 
Ann Surg Oncol 2010; 17: 1159-1167 [PMID: 20140529 DOI: 
10.1245/s10434-009-0862-1]

17	 Verlato G, Zanoni A, Tomezzoli A, Minicozzi A, Giacopuzzi 
S, Di Cosmo M, Franceschetti I, de Manzoni G. Response 
to induction therapy in oesophageal and cardia carcinoma 
using Mandard tumour regression grade or size of residual 
foci. Br J Surg 2010; 97: 719-725 [PMID: 20306529 DOI: 
10.1002/bjs.6949]

18	 Brücher BL, Becker K, Lordick F, Fink U, Sarbia M, Stein 
H, Busch R, Zimmermann F, Molls M, Höfler H, Siewert JR. 
The clinical impact of histopathologic response assessment 
by residual tumor cell quantification in esophageal squa-
mous cell carcinomas. Cancer 2006; 106: 2119-2127 [PMID: 
16607651 DOI: 10.1002/cncr.21850]

19	 Schneider PM, Baldus SE, Metzger R, Kocher M, Bongartz 
R, Bollschweiler E, Schaefer H, Thiele J, Dienes HP, Mueller 
RP, Hoelscher AH. Histomorphologic tumor regression and 
lymph node metastases determine prognosis following neo-
adjuvant radiochemotherapy for esophageal cancer: implica-
tions for response classification. Ann Surg 2005; 242: 684-692 
[PMID: 16244542 DOI: 10.1097/01.sla.0000186170.38348.7b]

20	 Fareed KR, Al-Attar A, Soomro IN, Kaye PV, Patel J, Lobo 
DN, Parsons SL, Madhusudan S. Tumour regression and 
ERCC1 nuclear protein expression predict clinical outcome 
in patients with gastro-oesophageal cancer treated with 
neoadjuvant chemotherapy. Br J Cancer 2010; 102: 1600-1607 
[PMID: 20461087 DOI: 10.1038/sj.bjc.6605686]

21	 Fareed KR, Ilyas M, Kaye PV, Soomro IN, Lobo DN, Par-
sons SL, Madhusudan S. Tumour regression grade (TRG) 
analyses in patients with resectable gastro-oesophageal 
adenocarcinomas treated with platinum-based neoadjuvant 
chemotherapy. Histopathology 2009; 55: 399-406 [PMID: 
19817890 DOI: 10.1111/j.1365-2559.2009.03404.x]

22	 Barbour AP, Jones M, Gonen M, Gotley DC, Thomas J, 
Thomson DB, Burmeister B, Smithers BM. Refining esopha-
geal cancer staging after neoadjuvant therapy: importance 
of treatment response. Ann Surg Oncol 2008; 15: 2894-2902 
[PMID: 18663531 DOI: 10.1245/s10434-008-0084-y]

23	 Akita H, Doki Y, Yano M, Miyata H, Miyashiro I, Ohigashi 
H, Ishikawa O, Nishiyama A, Imaoka S. Effects of neoad-
juvant chemotherapy on primary tumor and lymph node 
metastasis in esophageal squamous cell carcinoma: additive 
association with prognosis. Dis Esophagus 2009; 22: 291-297 

[PMID: 19021686 DOI: 10.1111/j.1442-2050.2008.00879.x]
24	 Hardwick RH. A Consensus View and Recommendations 

on the Development and Practice of Minimally Invasive Oe-
sophagectomy AUGIS/ALSGBI 2008 Available from: URL: 
http://www.augis.org/news_guidelines/augis_reports.htm

25	 UICC. TNM Classification of malignant tumours Seventh 
edition. America: Wiley-Blackwell, 2009

26	 Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, 
Schulick RD, de Santibañes E, Pekolj J, Slankamenac K, Bassi 
C, Graf R, Vonlanthen R, Padbury R, Cameron JL, Makuu-
chi M. The Clavien-Dindo classification of surgical compli-
cations: five-year experience. Ann Surg 2009; 250: 187-196 
[PMID: 19638912 DOI: 10.1097/SLA.0b013e3181b13ca2]

27	 Bateman AC, Jaynes E, Bateman AR. Rectal cancer staging 
post neoadjuvant therapy--how should the changes be as-
sessed? Histopathology 2009; 54: 713-721 [PMID: 19438746 
DOI: 10.1111/j.1365-2559.2009.03292.x]

28	 Swisher SG, Erasmus J, Maish M, Correa AM, Macapinlac 
H, Ajani JA, Cox JD, Komaki RR, Hong D, Lee HK, Putnam 
JB, Rice DC, Smythe WR, Thai L, Vaporciyan AA, Walsh 
GL, Wu TT, Roth JA. 2-Fluoro-2-deoxy-D-glucose positron 
emission tomography imaging is predictive of pathologic 
response and survival after preoperative chemoradiation 
in patients with esophageal carcinoma. Cancer 2004; 101: 
1776-1785 [PMID: 15386332 DOI: 10.1002/cncr.20585]

29	 Weber WA, Ott K, Becker K, Dittler HJ, Helmberger H, 
Avril NE, Meisetschläger G, Busch R, Siewert JR, Schwaiger 
M, Fink U. Prediction of response to preoperative chemo-
therapy in adenocarcinomas of the esophagogastric junction 
by metabolic imaging. J Clin Oncol 2001; 19: 3058-3065 [PMID: 
11408502]

30	 Greenstein AJ, Litle VR, Swanson SJ, Divino CM, Packer 
S, Wisnivesky JP. Prognostic significance of the number of 
lymph node metastases in esophageal cancer. J Am Coll Surg 
2008; 206: 239-246 [PMID: 18222375 DOI: 10.1016/j.jamcollsu
rg.2007.09.003]

31	 Leers JM, Ayazi S, Hagen JA, Terterov S, Klipfel N, Oezcelik 
A, Abate E, Lipham JC, DeMeester SR, Banki F, DeMeester 
TR. Survival in lymph node negative adenocarcinoma of the 
esophagus after R0 resection with and without neoadjuvant 
therapy: evidence for downstaging of N status. J Am Coll 
Surg 2009; 208: 553-556 [PMID: 19476789 DOI: 10.1016/j.jam-
collsurg.2009.01.017]

32	 Saadi A, Shannon NB, Lao-Sirieix P, O’Donovan M, Walker 
E, Clemons NJ, Hardwick JS, Zhang C, Das M, Save V, 
Novelli M, Balkwill F, Fitzgerald RC. Stromal genes dis-
criminate preinvasive from invasive disease, predict out-
come, and highlight inflammatory pathways in digestive 
cancers. Proc Natl Acad Sci USA 2010; 107: 2177-2182 [PMID: 
20080664 DOI: 10.1073/pnas.0909797107]

33	 Collette L, Bosset JF, den Dulk M, Nguyen F, Mineur L, 
Maingon P, Radosevic-Jelic L, Piérart M, Calais G. Patients 
with curative resection of cT3-4 rectal cancer after preopera-
tive radiotherapy or radiochemotherapy: does anybody ben-
efit from adjuvant fluorouracil-based chemotherapy? A trial 
of the European Organisation for Research and Treatment 
of Cancer Radiation Oncology Group. J Clin Oncol 2007; 25: 
4379-4386 [PMID: 17906203 DOI: 10.1200/jco.2007.11.9685]

34	 Macdonald JS, Smalley SR, Benedetti J, Hundahl SA, Estes 
NC, Stemmermann GN, Haller DG, Ajani JA, Gunderson LL, 
Jessup JM, Martenson JA. Chemoradiotherapy after surgery 
compared with surgery alone for adenocarcinoma of the 
stomach or gastroesophageal junction. N Engl J Med 2001; 
345: 725-730 [PMID: 11547741 DOI: 10.1056/NEJMoa010187]

P- Reviewers: Deng B, Ma JY, Shi CJ    S- Editor: Wen LL    
L- Editor: A    E- Editor: Wang CH  

Noble F et al . Evaluating neoadjuvant chemotherapy in esophageal adenocarcinoma



Hepatitis B virus subgenotype A1 predominates in liver 
disease patients from Kerala, India

Deepak Gopalakrishnan, Mark Keyter, Kotacherry Trivikrama Shenoy, Kondarappassery Balakumaran Leena, 
Lakshmikanthan Thayumanavan, Varghese Thomas, KR Vinayakumar, Charles Panackel, Arun T Korah, 
Ramesh Nair, Anna Kramvis

Deepak Gopalakrishnan, Mark Keyter, Anna Kramvis, Hepa-
titis Virus Diversity Research Programme, Department of Internal 
Medicine, School of Clinical Medicine, Faculty of Health Sci-
ences, University of the Witwatersrand, Parktown, Johannesburg 
2193, South Africa 
Deepak Gopalakrishnan, KR Vinayakumar, Charles Panack-
el, Arun T Korah, Ramesh Nair, Department of Gastroenterol-
ogy, Medical College Trivandrum 695011, India 
Kotacherry Trivikrama Shenoy, Kondarappassery Balaku-
maran Leena, Population Health and Research Institute, Trivan-
drum 695011, India
Lakshmikanthan Thayumanavan, Government Rajaji Hospital, 
Madurai Medical College, Madurai 625002, India
Varghese Thomas, Department of Gastroenterology, Calicut 
Medical College, PO Calicut 673008, India
Author contributions: Gopalakrishnan D and Keyter M con-
tributed equally to the study; Gopalakrishnan D, Shenoy KT 
and Kramvis A conceived the study; Gopalakrishnan D, She-
noy KT, Leena KB, Thayumanavan L, Thomas V, Vinayakumar 
KR, Panackel C, Korah AT and Nair R collected the clinical 
data; Gopalakrishnan D, Keyter M and Kramvis A conceived 
and designed the laboratory experiments; Kramvis A contrib-
uted reagents, materials and analysis tools; Gopalakrishnan D 
and Keyter M performed the experiments; Gopalakrishnan D, 
Keyter M and Kramvis A analyzed and interpreted the data, 
and wrote the paper.
Supported by The National Research Foundation of South Afri-
ca, NRF, GUN 65530 (to Kramvis A) and the Cancer Association 
of South Africa; postdoctoral funding from the NRF, GUN 75055 
and the University of the Witwatersrand (to Gopalakrishnan D); 
bursaries from the University of the Witwatersrand, the Poliomy-
elitis Research Foundation and the Ernst and Ethel Eriksen Trust 
(to Keyter M)
Correspondence to: Anna Kramvis, Professor, Hepatitis 
Virus Diversity Research Programme, Department of Internal 
Medicine, School of Clinical Medicine, Faculty of Health Sci-
ences, University of the Witwatersrand, 7 York Road, Parktown, 
Johannesburg 2193, South Africa. anna.kramvis@wits.ac.za
Telephone: +27-11-4883100  Fax: +27-86-5296806
Received: May 16, 2013         Revised: June 20, 2013 
Accepted: July 17, 2013
Published online: December 28, 2013

Abstract
AIM: To molecularly characterize hepatitis B virus (HBV) 
isolates from Kerala and to relate them to the clinical 
manifestation of infection. 

METHODS: Sera and clinical data were collected from 
91 patients diagnosed with chronic HBV infection and 
HBV-related hepatocellular carcinoma (HCC). HBV from 
44 HCC, 22 cirrhotic and 25 chronic hepatitis patients 
were genotyped by sequencing of the complete S re-
gion or by restriction fragment length polymorphism 
assays. The basic core promoter/precore region was 
sequenced. The complete surface DNA sequences 
were assembled and aligned manually, and then com-
pared with the sequences of HBV of genotypes (A-J) 
from GenBank. The evolutionary history was inferred 
using the Neighbor-Joining method and the evolution-
ary distances computed using the Kimura 2-parameter 
method. Bootstrapping was performed using 1000 rep-
licates. The TaqMan BS-1 probe was used to quantify 
HBV DNA at a lower detection limit of approximately 
20 IU/mL. Continuous variables were compared using 
an independent Student’s t  test. The χ 2 test or Fisher’s 
exact test was used to compare categorical variables. 
The differences were considered statistically significant 
at P  < 0.05.

RESULTS: Irrespective of disease status, the pre-
dominant genotype was A (72%); 95% belonging to 
subgenotype A1, followed by genotypes D (27%) and 
C (1%). HCC patients infected with subgenotype A1 
were significantly younger than those infected with D. 
Mutation A1762T/G1764A was significantly associated 
with HCC in both genotypes A and D. Mutation G1862T 
was more frequent in subgenotype A1 (P  < 0.0001), 
and in combination with A1762T/G1764A, it was signifi-
cantly associated with HBV from HCC patients. Muta-
tion C1766T/T1768A was significantly associated with 
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genotype A (P  = 0.05) and HCC (P  = 0.03). The preS2 
start codon M1T/I mutation was unique to genotype A 
strains (15.6%) from all disease groups and occurred 
at a higher frequency in isolates from HCC patients (P  
= 0.076). A higher frequency of preS deletion mutants 
(33.3%) was observed in genotype A from HCC com-
pared with non-HCC patients, but did not reach statisti-
cal significance. The preS2:F22L mutation was found in 
genotypes A and D. 

CONCLUSION: Kerala is the first Indian state in which 
subgenotype A1 has been found to predominate in liver 
disease patients who developed HCC at a relatively 
young age. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Hepatocellular carcinoma; Cirrhosis; Chron-
ic hepatitis; Phylogenetic analysis; Genotype; India 

Core tip: This study shows the predominance of sub-
genotype A1 in liver disease patients in Kerala, and 
its high prevalence in hepatocellular carcinoma (HCC) 
patients. Subgenotype A1 could be more hepatocar-
cinogenic and HCC could develop at an earlier age, 
regardless of host ethnicity. The S open reading frame 
of subgenotype A1 isolates from Kerala clustered sepa-
rately within the ‘‘Asian’’ cluster and encoded distinct 
subgenotype A1 amino acids. A higher frequency of 
G1862T was detected compared with subgenotype A1 
isolates from other geographical regions. This is the 
first time that preS deletion mutants have been de-
scribed in Indian HCC patients.
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INTRODUCTION
Hepatitis B virus (HBV) is the prototype member of  the 
family Hepadnaviridae. HBV replicates by reverse tran-
scription using a polymerase that lacks proof  reading 
ability, and sequence heterogeneity is a feature of  this 
virus. Phylogenetic analysis of  HBV full-length genomes 
has led to the classification of  HBV into nine genotypes 
(A-I), defined by an intergroup divergence in the com-
plete HBV genome sequence of  7.5% or more. A tenth 
genotype J, which was found in a single individual, has 
been proposed[1]. Genotypes A, B, C, D, F and I are fur-
ther classified into subgenotypes. Most genotypes, and 
some subgenotypes, display distinct geographical distri-

butions. Moreover, HBV genotypes and, in some cases, 
subgenotypes, have been shown to play an important role 
in the clinical consequences of  the infection, as well as in 
the response to antiviral treatment.

HBV infection remains a significant global health 
problem, with an estimated two billion people infected 
and more than 240 million chronic carriers of  the virus, 
leading to 600000 deaths from the clinical consequences 
of  infection, including cirrhosis, liver failure and hepa-
tocellular carcinoma (HCC). With a population of  more 
than 1.2 billion people, India has the second largest glob-
al pool of  chronic HBV infection and HBV is the major 
cause of  liver disease in India[2]. 

Most studies have estimated the hepatitis B surface 
antigen (HBsAg) carrier rate to be between 2% and 8%, 
placing India within the zone of  intermediate endemicity. 
An HBsAg prevalence rate of  2.97% was found among 
the rural population[3], and a meta-analysis has reported 
the mean prevalence in the general population of  India 
as 3.3%[4]. However, these estimates have been questioned 
because, according to Phadke and Kale[5], the often quot-
ed estimate for India of  4.7% was obtained by incorrectly 
pooling results of  a set of  studies including unrepresenta-
tive high risk groups and also equating the single test HB-
sAg positivity rate with the carrier rate. By correcting for 
these errors, they estimated a carrier rate of  1.4%. 

The known HBV genotype distribution in India is 
summarized in Figure 1. Overall, at approximately 65%, 
genotype D predominates, being the dominant genotype 
in Delhi in the north, Pune in the west and the Nicobar 
Islands in the south. Genotype A has been found in ap-
proximately 30%, with the highest frequency found in 
northern India. At approximately 5%, genotype C is 
found in the minority, with the highest frequency in east-
ern and southern India. The subgenotypes that have been 
described in India include A1, A2, C1, C2, D1, D2, D3, 
D5 and D9[6-9]. 

Kerala is the most densely populated state of  India, 
with a population of  33 million. HBsAg prevalence of  
0.5% in the normal population has been reported in 
northern Kerala[10] and an HBsAg prevalence of  1.5% 
was detected among voluntary blood donors from 
Trivandrum, South Kerala[11]. There is a paucity of  in-
formation on the prevalence of  HBV genotypes and 
the respective subgenotypes in Kerala, as well as their 
association, if  any, with different clinical manifestations 
following infection with HBV. We investigated the distri-
bution of  HBV genotypes/subgenotypes among patients 
with different clinical manifestations of  HBV infection 
and characterized the viral isolates molecularly.

MATERIALS AND METHODS
Patients 
The cross-sectional study was conducted from January 
2005 to December 2009 during which sera and clini-
cal data were collected from 91 patients diagnosed with 
chronic HBV infection and HBV-related HCC from 
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Medical College Trivandrum, Kerala, India. The serum 
samples were stored at -80 ℃ until use. A serum alanine 
transaminase (ALT) level of  < 10 times the upper limit 
of  normal (ULN), a serum bilirubin level of  less than 2.5 
times the ULN and detectable HBsAg for ≥ 6 mo were 
used as inclusion criteria. The presence of  the hepatitis B 
e antigen (HBeAg) was examined at the time of  screen-
ing. All patients were negative for antibodies to hepatitis 
C virus, hepatitis D virus and human immunodeficiency 
virus. The study protocol conformed to the 1975 Decla-
ration of  Helsinki. The ethics committees of  the Medical 
College Trivandrum, India and the University of  the Wit-
watersrand, South Africa approved the study. 

The diagnosis of  HBV-related liver disease was 
based on clinical data, laboratory tests, liver biopsy and 
imaging studies. The patients were classified into three 
groups: group-Ⅰ (HCC): the 44 patients with HCC 
were diagnosed by ultrasound scan and elevated serum 
α-fetoprotein levels (≥ 400 ng/mL) and the presence of  
a lesion of  ≥ 5 cm; group-Ⅱ (CR-Cirrhosis): 22 patients, 
with necro-inflammatory damage, fibrosis with nodule 
formation confirmed by liver biopsy, and with ultraso-
nographical evidence of  portal hypertension; group-Ⅲ 

(CH-Chronic Hepatitis): 25 patients, with HBsAg positive 
status for ≥ 6 mo with normal or intermittently elevated 
ALT (1.5 times the ULN). Patients in this group were 
considered for liver biopsy on the basis of  elevated ALT 
levels and HBeAg-status, and diagnosed with cirrhosis us-
ing histological activity index (HAI) and Fibrosis scores.

Serological assays
All serum samples were screened for HBsAg and HBeAg 
using enzyme linked immunsorbent assay kits (DiaSorin 
S.P.A, Italy), according to the manufacturer’s instruc-
tions. Laboratory evaluation included routine liver bio-
chemistry (ALT and aspartate transaminase levels), total 
bilirubin, albumin, alkaline phosphatase, total protein and 
prothrombin time. Liver function tests were performed 
to find necro-inflammatory activity using a Hitachi 902 
Fully Automated Chemistry Analyzer (Hitachi High-
Technologies Corporation, Tokyo, Japan). The ULN of  
ALT (40 IU/L) was used for diagnosis. 

Real-time polymerase chain reaction quantification of 
HBV DNA
Polymerase chain reaction (PCR) primers, HBV-Taq1 
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95%

Nicobar Islands (n  = 65)

Figure 1  Prevalence of genotypes in different geographical areas of India compiled from previous reports. Northern[22,23,28,41,42]; Western[18,43]; Eastern[8,24,32,43-46]; 
Southern[6,47]; Nicobar Islands[48]. No hepatitis B virus genotyping data was available for Kerala before this study.
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Phylogenetic analysis
The complete surface DNA sequences were assembled 
and aligned manually using MEGA 5 (http://www.
megasoftware.net/mega.php). The sequences were com-
pared with the sequences of  HBV of  genotypes (A-J) 
from GenBank. The evolutionary history was inferred 
using the neighbor-joining method and the evolutionary 
distances computed using the Kimura 2-parameter meth-
od. Bootstrapping was performed using 1000 replicates 
to determine the support for the specific nodes. The 
accession numbers of  HBV isolates sequenced in this 
study have been deposited in GenBank as KC752137-
KC752206.

Statistical analysis
Data were represented as mean ± SD. Continuous vari-
ables were compared using an independent Student’s t 
test. The χ 2 test or Fisher’s exact test was used to com-
pare categorical variables. Odds ratio was calculated to 
assess the risk of  HCC. All P values were two sided, and 
the difference was considered statistically significant for P 
< 0.05. The analysis was performed using Statistical pack-
age for Social Sciences (SPSS 15) program (SPSS Inc., 
Chicago, IL, United States).

RESULTS
Genotyping and phylogenetic analyses of HBV isolated 
from liver disease patients 
Of  the 91 HBsAg-positive sera, 86 were successfully 
genotyped using either RFLP or phylogenetic analysis 
of  the S region (Table 1). Using the Lindh RFLP assay[14] 
for 36 HBV isolates, 30 belonged to genotype A and six 
to genotype D. Of  the 30 genotype A isolates, 28 were 
subgenotype A1 and two were subgenotype A2, as deter-
mined by an alternative RFLP[15]. 

Following phylogenetic analysis of  the complete S 
ORF of  50 isolates, 32 belonged to genotype A (sub-
genotype A1:A2, 31:1) (Figure 2A), 17 to genotype D 
(subgenotypes D1:D2:D3, 4:12:1) (Figure 2B) and one to 
genotype C (subgenotype C1) (Figure 2A). The genotype 
A strains belonged to serotype adw2 (84.4%) and ayw1 
(15.6%). The genotype D strains were of  serotype ayw3 
(58.8%), ayw2 (35.3%) and adw3 (5.9%). The single sub-
genotype C1 strain was adr.

The subgenotype A1 isolates split into an “African” 
and an “Asian” cluster[16](Figure 2A). The 31 subgenotype 
A1 isolates from Kerala clustered within the Asian clade 
as a separate monophyletic clade and encoded the distinct 
subgenotype A1 amino acids, preS1:Q54, preS1:V74, 
preS1:A86, and preS1:V91 in the preS1 region and preS2:
L32 in the preS2 region[17]. The majority of  the isolates 
in the “Asian” cluster, including the Kerala isolates, had 
preS1:S5, preS1:S6, preS1:F25. The isolates in the African 
cluster displayed greater variation, with preS1:S5, preS1:
S6; preS1:S5, preS1:A6 or preS1:5L, preS1:6P. There 
were, however, a number of  amino acids in the preS1 
and preS2 regions that differentiated the Kerala clade 

and HBV-Taq2, covering a region of  the S gene (321 to 
401 from the EcoRI site) with a FAM/TAMRA labeled 
TaqMan BS-1 probe were used to quantify HBV DNA 
in an ABI 7500 Real Time PCR System (Applied Biosys-
tems, Foster City, CA, United States). The second WHO 
International Standard for HBV Nucleic Acid Amplifi-
cation Techniques (product code 97/750 National In-
stitute for Biological Standards and Control; Hertford-
shire, United Kingdom), which has a final concentration 
of  106 IU/mL, was used as the internal standard. The 
lower detection limit of  our assay was approximately 20 
IU/mL. The conversion formula of  IU = copies/4.7 
was used[12]. 

PCR and restriction fragment length polymorphism 
assay for genotyping and molecular characterization
Total HBV DNA was extracted from serum using a 
QIAamp DNA Blood Mini kit (QIAGEN GmbH, 
Hilden, Germany), according to the manufacturer’s in-
structions. The complete S open reading frame (ORF) 
was amplified using nested PCR. 

Primers S1F 5’-CAATCGCCGCGTCGCAGAA-
GATCTCAATC-3’ (2410-2439 from the EcoRI site) 
and S1R 5’-TCCAGACCXGCTGCGAGCAAAACA-3’ 
(1314-1291 from the EcoRI site) were used for the first 
round and S2F 5’-AATGTTAGTATTCCTTGGACT-
CATAAGGTGGG-3’ (2451-2482 from the EcoRI site) 
and S2R 5’-AGTTCCGCAGTATGGATCGGCAGAG-
GA-3’ (1280-1254 from the EcoRI site) were used for 
the second round PCR using previously reported reac-
tion conditions[13]. The samples that did not amplify in 
the full S region were genotyped using restriction frag-
ment length polymorphism (RFLP)[14]. Subgenotypes 
of  A were also determined using a previously described 
RFLP assay, which uses the StuI recognition site, 5’
AGG↓CCT3’ at position 967-972 from the EcoRI site, 
found only in subgenotype A2 and genotype D, but 
not in subgenotype A1[15]. Thus, subgenotypes A1 and 
A2 could be differentiated. The basal core promoter 
(BCP)/Pre C region of  HBV isolates was amplified us-
ing nested PCR. 

Primers BCP1F 5’-GCATGGAGACCACCGT-
GAAC-3’ (1606-1625 from the EcoRI site) and BCP1R 5’- 
GGAAAGAAGTCCGAGGGCAA-3’ (1974-1955 from 
the EcoRI site), were used for the first round and BCP2F 
5’-CATAAGAGGACTCTTGGACT-3’ (1653-1672 from 
the EcoRI site) and BCP2R 5’-GGCAAAAAACAGAG-
TAACTC-3’ (1959-1940 from the EcoRI site) were used 
for the second round, using previously reported reaction 
conditions.

Sequencing
The amplicons were prepared for direct sequencing us-
ing the BigDye Terminator v3.0 Cycle Sequencing Ready 
Reaction Kit and sequencing was performed with the 
ABI 3130XL Genetic analyzer (Applied Biosystems). 
The complete S ORF was analyzed as three overlapping 
fragments[13]. 
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from other Asian strains. The majority of  Kerala strains 
(22/31; 71%), had preS1:V48 in the preS1, whereas V/I/
N/T was found in the other clades. In the preS2, 28/31 
(90%), had preS2:T7, whereas the other Asian strains 
had either preS2:T7 or preS2:A7. In contrast to the other 
Asian strains that had preS2:T37, the Kerala strains had 
preS2:N37, as did the strains in the African clade. PreS2:
P54 in the preS2 was found in 90% of  the Kerala strains, 
whereas the other clades had a higher diversity of  amino 
acids at this position (Figure 2). A cut off  of  60% amino 
acid sequence identity was used to define the consensus 
sequence within the clades.

The Keralite genotype D isolates had the charac-
teristic 33-nucleotide deletion in the preS1 region and 
had a relatively well-conserved polymerase overlapping 
preS1/preS2/S region when compared to subgenotype 
A1 sequences. The preS2 signature amino acids, preS2:
I42, preS2:S43 and preS2:L54, were found in the Keralite 
strains belonging to subgenotype D1[7]; however, they dif-
fered by having preS2:39V instead of  preS2:39A. 

Demographic, clinical and virological characteristics
In all three disease groups, the frequency of  males was 
significantly higher (Table 1). Patients with HCC were 
significantly older than CH patients (P = 0.0001). Twenty 
seven percent of  the whole cohort was HBeAg-positive, 
with no significant difference in the frequency between 
the three disease groups. HBeAg-positive individuals were 
significantly younger than HBeAg-negative (32.1 ± 17.9 
years vs 39.6 ± 11.1 years, P = 0.032) and had higher viral 
loads (5.4 ± 1.8 log10 IU/mL vs 3.6 ± 1.6 log10 IU/mL, P 
= 0.016). The ALT levels differed significantly between 
HBeAg-positive and negative patients (52.3 IU/L vs 37.4 
IU/L, P = 0.012, equal variances not assumed). HCC 
patients had higher viral load defined by HBV DNA 
level ≥ 4.7 × 104 IU/mL compared with the non-HCC 

patients (18/29(62.1%) vs 10/33 (30.3%), respectively, P 
= 0.012, OR = 3.76, 95%CI: 1.16-12.52). The mean ALT 
values did not vary significantly between the three disease 
groups. 

The majority of  patients (72%) were infected with 
HBV genotype A, 27% with genotype D and one patient 
was infected with genotype C. The majority of  genotype 
A strains (95%) belonged to subgenotype A1, and three 
to A2. Compared with the other disease groups, HCC pa-
tients were predominantly infected with subgenotype A1 
(P < 0.05). Subgenotypes D1, D2 and D3 were found, 
with D2 (70.6%) predominating followed by D1 (23.5%) 
and a single strain of  D3. Age, HBV viral load, the fre-
quency of  HBeAg-positivity and ALT levels, did not 
differ between those patients infected with genotype A 
and D in all the three groups. However, HBeAg-negative 
HCC patients, infected with genotype A, were signifi-
cantly younger (44.1 ± 8.0 years) than those infected with 
genotype D (53.0 ± 8.8 years) (P = 0.02). There was no 
significant difference in the mean HAI (5.8 ± 2.8 vs 4.6 ± 
3.1) and fibrosis scores (1.0 ± 1.8 vs 2.0 ± 2.0) between 
those with genotypes A and D. Genotype A was seen in 
70% of  the patients with HAI ≥ 4. 

Detection of  mutations in the BCP/Pre C region was 
performed for 63 HBV isolates (Table 2). BCP and/or 
Pre C mutants were detected in 63% of  the isolates, with 
different mutational patterns found in genotypes A and 
D (Figure 3). Mutation 1773T was characteristic of  geno-
type A and 1773C of  genotype D, with no significant 
difference in the frequency of  the mutation in the disease 
groups. Mutation G1896A occurred only in genotype D, 
whereas C1766T and G1862T occurred more frequently 
in genotype A (Figure 3). The double mutation A1762T/
G1764A was found in 26 (41.2%) isolates, with the single 
mutation, G1764A, occurring in 12 (19%) isolates. Both 
the single and double BCP mutations were significantly 

Characteristic Group Ⅰ HCC (n  = 44) Group Ⅱ CR (n  = 22) Group Ⅲ CH (n  = 25) Total (n  = 91)

  Demographic and 
  clinical data 

Gender (M/F) 33/11 18/4 18/7 69/22
Age (yr) (mean ± SD)    48.70 ± 10.94a 40.68 ± 11.52 26.28 ± 11.10 40.87 ± 14.66

ALT, IU/L 73.50 ± 11.65 70.50 ± 41.09 56.32 ± 30.01 67.45 ± 37.74
HBeAg positive1       7 (24.14) 4 (14.3)      9 (37.5)      20 (26.67)

  Virological 
  characteristics 

HBV DNA log10 copies/mL1  4.79 ± 1.41a 3.38 ± 1.69 3.27 ± 2.12 4.03 ± 1.83
Number genotyped by direct 

sequencing/RFLP
21/19 9/12 19/6 86

Genotype A 33 (82.5)a 14 (66.6) 15 (60)    62 (72.1)
Subgenotype A1  30 14 15 59 (95)
Subgenotype A2 3 - - 3 (5)

Genotype C - 1 (4.8) -    1 (1.2)
Genotype D    7 (17.5)   6 (28.6) 10 (40)    23 (26.7)

Subgenotype D12 - 1 3
Subgenotype D2 4 2 6
Subgenotype D3 1 - -

Table 1  Demographic, clinical and virological characteristics of hepatitis B surface antigen-positive patients with different disease 
profiles

aP < 0.05 vs chronic hepatitis. 1Depletion of serum allowed the viral loads to be determined for only 28, and hepatitis B e antigen for 29 HCC sera; 
2Subgenotyping of genotype D was performed by direct sequencing. CH: Chronic hepatitis; HCC: Hepatocellular carcinoma; CR: Cirrhosis; SD: Standard 
deviation; ALT: Alanine aminotransferase; RFLP: Restriction fragment length polymorphism; HBeAg: Hepatitis B e antigen.

Gopalakrishnan D et al . Hepatitis B virus infection in Kerala



9299 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

AY 161161 D India
 AY 233291 D South Africa
             AB 205192 E Ghana
           DO 060823 Angola 
             AY 935700 E Belgium
       DQ 207798 G Germany
      Af160501 G Belgium
       AB 056515 G USA
             AB 241117 B Philippines
             D 00331 B Indonesia
  FJ 023672 I China
JF 899338 I China
              AY 934763 A2 Cameroon
          AB 014370 A2 Japan
             AJ 309371 A2 France
               INT 10 A2 Kerala
              Z35717 A2 Poland
                 AJ 627228 A2 Spain
               AB 194950 A3 Cameroon
                AB 194949 A3 Cameroon
              AM 180624 A3 Cameroon
             AM 184125 A3/A5 Gabon
              AM 184126 A3/A5 Gabon
                AY 233284 A1 South Africa
                AY 233274 A1 South Africa
               HM 535215 A1 Zimbabwe
             AY 934766 A1 Somalia
                  DQ 020002 A1 Congo
                    FM 199974 A1 Rwanda
                  AY233288 A1 South Africa
                    AB 076678 A1 Malawi
                   AY 934773 A1 Tanzania
                  AM 494718 A1 Central African Republic
                         AB 076679 A1 malawi
                              AY 934772 A1 Uganda
                             AY 233279 A1 South Africa
                               AF 297621 A1 South Africa
                               AY 233290 A1 South Africa
  DQ 020003 A1 United Arab Emirates
     AB 453987 A1 Japan
      AY 934771 A1 Somalia
       EF 103278 A1 India
  AB 116084 A1 Bangladesh
   AB 116083 A1 Bangladesh
      AY 161140 India
        AY 161141 A1 India
   AB 116087 A1 India
  AB 116082 A1 Bangladesh
           AY 373432 A1 India
     AB116085 A1 Bangladesh
         AB116089 A1 Nepal
            AB453986 A1 Japan
           AB 116088 A1 Nepal
       AB 246335 A1 India
                AB 116094 A1 Philippines
        M57663 A1 Philippines
   AY 903452 A1 South Africa
          AB116094 A1 Philippines
       AB116091 A1 Philippines
                  INCHB 197 Kerala
              AB 453989 A1 Japan
                 INCHB 400 Kerala
              AB 116093 A1 Philippines
                 INCR 144 Kerala
                 INCHB 166 Kerala
                    INHCC 16 Kerala
                  INHCC 14 Kerala
                       INH 1 Kerala
                 INHCC 8 Kerala
                 INCR 282 Kerala
                 INHCC 22 Kerala
                 INHCC 12 Kerala
                 INHCC 42 Kerala
                 INCHB 177 Kerala
                 INCHB 85 Kerala
                 INHCC 37 Kerala
                 INHCC 29 Kerala
                 INHCCT 1 Kerala
                 INHCCT 3 Kerala
                 INHCCT 6 Kerala
                 INHCC 30 Kerala
              INHCC 39 Kerala
              INCHB 153 Kerala
              INCR 138 Kerala
              INHCC 19 Kerala
              INHCC 25 Kerala
              INHCC 4 Kerala

95

93
100

89

87

95

86

91

100

AY 090457 H Nicaragua H

X 69798 F Brazil

A2

A1

African
   preS1:(S5, S6)/(L5,
   P6), F25, V/I/N/T48
   preS2:A7, N37, P/L/
   W/A/S54
   sp: I9, L10

A1

Asian
   preS1:(S5, S6), F25,
   V/I/N48
   preS2:A/T7, T37,
   P/T/S54
   sp: I9, L10

A1

Kerala
   preS1:(S5, S6), 
   F25,V48
   preS2:T7, N37,
   P54
   sp: I9, L10

Genotype AA
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              AB 453988 A1 Japan
          AB 116086 India
            INCHB 137 Kerala
               AB 241115 A1 Philippines
            INCHB 149 A1 Kerala
               INCHB 152 A1 Kerala
            INCR 411 A1 Kerala
                        AB 048704 C4 Japan
                  X75665 C3
                    X75656 C3
               AB 205124 C2 Japan
                        AB 205123 C2 China
                      AB 288026 C2 Japan
               INCRH6 Kerala
                        DQ 478901 C1 China
                   AB 074756 C1 Thailand
                      AF 223954 C1 East Asia
              AF 241441 C5 Vietnam

76
83

97

C1

     AF 160501 G Belgium
X75657 E Sweden
    AB 106564 E Ghana
AB 205192 E Ghana
DQ 060823 E Angola
AY 935700 E Belgium
AJ 627219  D4 Spain
AB 033559 D4 Papua New Guinea
AB 048703  D4 Australia
            AB 048701  D4 Australia
    AB 048702  D4 Australia
       AM 494716 D4 Central African Republic
   GQ 205380 D5 Easten India
         AB 033558 D5 Japan
  DQ 315779 D5 Easten India
           GQ 205384 D5 Eastern India
   GQ 205388 D5 Eastern India
   AB 188245 D3 Japan
             X85254 D3 Italy
  AY 233291 D3 South Africa
INHCC 34 SG Kerala
    AY 233295 D3 South Africa
   AY 233296 D3 South Africa
  DQ 315776 D3 India
             DQ 464170 D3 Italy
         DQ 464169 D3 Italy
    AJ 344117 D3 France
            AY 902777 D3 USA
       X65257 D3 Italy
         EF 103285 D3 Northern India
            AY 373430 D3 India
               EF 103276 D2 Northern India
   INCHB 151 SG Kerala
          AB 205128 D2 Japan
     AB 090270 D2 Japan
           Z 35716 D2 Poland
          AB 090268 D2 India
              INCHB 410 SG Kerala
          INCHB 170 SG Kerala
              INCHB 416 SG Kerala
              INHCC 33 SG Kerala
              INCR 300 SG Kerala
              INHCC 32 SG Kerala
              INCHB 48 SG Kerala
        AB 119252 D2 Japan
                    AY 090453 D2 Sweden
          AB 110075 D2 Japan
                   INHCC 23 SG Kelara
                   INCHB 187 SG Kerala
                AB 267090 D2 Japan
                    AB 078032 D2 Japan
                          INHCC 13 SG Kelara
                              INCRH 14 SG Kelara
                           AJ 627215 D2 Spain
             X 72702 D2 Germany
                           AF 418679 D1 India
                       INCHB 401 SG Kerala
         AB 104712 D1 Egypt
        AY 721612 D1 Turkey
                EF 103277 D1 Northern India
          AY 741797 DI Iran
              AY 741795 DI Iran
             AF 121239 D1 Sweden
       AF 121240 D1 Sweden
         EF 103279 D1 Northern India
                         EF 103280 D1 Northern India
            AY 945307 D1 Northern India
             EF 103281 D1 Northern India

59

100

84

47

82

99

AY 090457 H Nicaragua

X 69798 F Brazil

100

D1

D4

D5
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D2

Genotype DB

preS1:A28,S85
preS2:V39, 
H41,I42, S43, 
L54

preS1:A28,S85
preS2:A39, I42, 
S43, L/R/T54

preS1:A28,S85
preS2:A39, I42, 
S43, L54
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HCC Non HCC (CR/CH) OR (95%CI) P  value
Gen A (n  = 20) Gen D (n  = 6) Gen A (n  = 26) Gen D (n  = 11)

  Basic core promoter/
  pre core region

A1762T/G1764A + 
G1764A only

16 (80)         5 (83) 14 (54)    3 (27) 20.2 (6.3-65)a   0.008a

NSd

C1766T/T1768A   9 (45)       1 (5)   5 (25)              0   25 (7.3-86)a

  14.3 (1.7–119)d
0.03a

0.05d

1773T (genotype A) 19 (95) - 25 -
1773C (genotype D) - 4 -              7 - NSa

G1862T 18 (90)         2 (33) 21 (81) 1(9)     30.33 (5.62-192.6)d NSa

    0.0001d

G1896A 0         4 (67)              0    2 (18) - NSa

    0.0002c

A1762T/G1764A + 
G1862T

13 (65)        1 (2) 13 (50)              0   4.81 (0.6-39.4)b NSa

    0.0004b

  Complete S region Pre-S deletions       5 (33.3)e 0      3 (17.6)  1 (9)     1.89 (0.54-6.60)b NSb

NSd
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associated with HCC in both genotypes A and D (P = 
0.03). Mutation C1766T/T1768A was significantly as-
sociated with HCC and found predominantly in sub-
genotype A1 (P = 0.05) (Table 2). Although G1862T was 
significantly associated with subgenotype A1, occurring 
in 85%, there was no significant difference between its 
presence in HCC and non-HCC patients (Table 2) and 
between isolates from HBeAg-positive and -negative pa-
tients (38.5% vs 61.5%, respectively; P = 0.08). However, 
in combination with A1762T/G1764A, G1862T was sig-
nificantly associated with HCC in patients infected with 
subgenotype A1 (P = 0.0004). There was no correlation 
between the presence of  BCP/Pre C mutations with ei-
ther the age, gender, or the viral loads.

PreS deletion mutants, whose patterns are depicted in 
Table 3, were detected in nine isolates from five HCC and 
four CH, but in none of  the CR patients. Overall, seven 
different types of  preS mutations were detected (Table 
3). The mean age of  the patients, with and without preS 
deletions, did not differ significantly (35.4 ± 11.5 years 
vs 37.0 ± 15.8 years, P = 0.78), nor did the HBV DNA 
(3.8 ± 2.0 vs 4.2 ± 1.7, P = 0.62) and mean ALT levels 
(58.2 ± 20.8 vs 60.0 ± 28.2, P = 0.88). A higher frequency 
of  preS deletion mutants was observed in HCC patients 
infected with genotype A, although this did not reach 
statistical significance (Table 2). The preS2 start codon 
M1T/I mutation, was unique to genotype A strains, oc-
curring in 5/32 (15.6%) isolates from all disease groups 

          AY 161150 D1 Northern India
INCR 10 SG Kerala
   AF 280817 D1 China
 EU 414135 D1 Belarus
  INCHB 174 SG Kerala
                 INCHB 175 SG Kelara
                         D 23678 B Japan
                M 54923 B Indonesia
                   AY 800392 B China
               AF 068756 C Thailand
           AB 205124 C Japan
                    AB 288026 C Japan
           FJ 023672 I China
         JF 899338 I China
                   AP 007263 A Japan
                         AY 373432 Northern India
                                      AY 233281 Southern Africa
           AY 233279 Southern Africa
               AF 297621 A Southern Africa
       AF 090842 A Belgium
                      AY 161140 A India
             EU 410082 A Phillipines
            DQ 020003 A United Arab Emirates
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Figure 2  Phylogenetic relationships among complete preS1/pre S2/S sequences (nt 2854-835 numbering according to GenBank accession AY233274). A: 
Subgenotype A1 from hepatitis B virus (HBV) positive patients from Kerala (marked in bold) compared with sequences obtained from GenBank established using the 
neighbor joining method; B: Genotype D isolates from HBV positive patients from Kerala (marked in bold) compared with HBV isolates obtained from GenBank estab-
lished using the neighbor joining method. Bootstrap statistical analysis was performed using 1000 replicates. Each sequence obtained from GenBank is designated 
by its accession number and its country of origin. The characteristic amino acids in the preS1 and polymerase spacer regions are indicated next to the sequences or 
relevant clades.

Table 2  Multiple logistic regression analysis of basal core promoter/precore region in different disease groups

aComparison between hepatocellular carcinoma (HCC) and non-HCC, all genotypes; bComparison between HCC and non-HCC, restricted to genotype A 
isolates; cComparison between HCC and non-HCC, restricted to genotype D isolates; dComparison between genotype A and D isolates; ePercentage out of 
15 genotype A HCC isolates that were sequenced in the S region. CR: Cirrhosis; CH: Chronic hepatitis.
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and occurred at a higher frequency in isolates from HCC 
patients (P = 0.076). The preS2: F22L/I mutation was 
detected in 13 isolates (genotype A-9/32, 28%; genotype 
D4/17, 23%). The F22 mutation was significantly associ-
ated with HCC (10/13, 77%) compared with CR (2/13, 
15%) and CH (1/13, 8%), respectively (P = 0.0065). This 
significance remained when comparing genotype D iso-
lates only, but not genotype A isolates alone. 

DISCUSSION
The present study demonstrated that genotype A was 
the most prevalent HBV genotype infecting liver disease 
patients in Kerala. This prevalence differed from other 
geographical regions of  India, where genotype D pre-
dominates or occurs at an equal prevalence with geno-

type A (Figure 1). Ninety five percent of  the genotype 
A isolates belonged to subgenotype A1, which has also 
been found to be the predominant subgenotype of  A in 
India[18]. 

The Keralite subgenotype A1 strains clustered with 
the Asian subgenotype strains but differed from them 
in some molecular characteristics in the preS2 region, 
which they shared with African strains. A minority of  
genotype A strains belonged to subgenotype A2, which 
was previously described to be restricted to the peripheral 
blood lymphocytes of  eastern Indian blood donors[19]. 
Subgenotype A1 of  HBV was the first subgenotype to be 
recognized and is the dominant genotype A strain in Af-
rica, with unique molecular characteristics that differenti-
ate it from A2, the genotype A strain prevailing outside 
Africa. Subgenotype A1 has its origin in Africa and its 
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Figure 3  Comparison of the distribution of mutations in the basic core promoter/precore region (1742-1901 from the Eco R1 site) in genotypes A (62 iso-
lates) and D (23 isolates). Graphs showing the percentage of mutant residues relative to the reference motif found at the 15 loci of interest (1753, 1762, 1764, 1766, 
1773, 1809-1812, 1814, 1858, 1862, 1888, 1896 and 1899). The study sequence files were submitted to the Mutation Reporter Tool[49] to produce the graphs. The ref-
erence motifs used were TAGCTGCACACGGGG (genotype A) and TAGCTGCACATGGGG (genotype D) for comparison. This is also shown by the letter preceding 
each locus on the X-axis. To facilitate direct comparisons between the graphs, conserved loci were not suppressed and the Y-axis was scaled to 100% by selecting 
the appropriate controls on the input page of the Mutation Reporter Tool. Nucleotides: A (green), C (dark blue), G (black), T (red). aSignificantly associated with the 
respective genotype. 

  Isolate Age/sex Clinical Subgenotype PreS1 PreS2 Functions
status Start codon Nucleotide from the Amino acids from preS2  affected

EcoRI start start codon
Start codon Deletion size Position Deletion size Position

  CHB42 40/M CH A1 ATG ACG - - - - A
  HCC12 60/M HCC A1 ATG ACG - - - - A
  HCC25 50/M HCC A1 ATG ACG - - - - A
  CHB137 16/F CH A1 Deletion ATG 18 2854-2871   6 1-6 I
  CHB170 29/F CH D2 ATG ATG 21 35-55   7 16-22 T, B, P
  CHB202 33/M CH A1 ATG ATG 24 28-51   8 13-21 T, B, P
  CHB413 35/M CH A1 ATG ATG   6 49-54   2 21-22 B, P
  HCC29 50/F HCC A1 ATG ATA 33 22-54 11 11-22 A, T, B, P
  HCC30 32/M HCC A1 ATG ATG 24 30-53   8 13-21 T, B, P
  HCC37 30/F HCC A1 ATG ATG 33 24-56 11 11-22 T, B, P
  HCC39 55/M HCC A1 ATG ATG 33 24-56 11 11-22 T, B, P
  HCCT3 38/M HCC A1 ATG ATA 54   1-54 18   4-22 A, T, B, P, M

Table 3  Summary of the pre-S mutations prevalent among the three clinical groups and genotypes

A: PreS2 initiation codon abolished; M1T, M1I; I: PreS1 initiation start codon abolished; M: Morphogenesis domain ps1:103-119 and ps2: 1-4; T: T cell 
epitope ps1: 109-119/ps2: 1-13; B: B cell epitope, amino acids 14-26; P: Putative neutralizing anti-preS2 antibody, amino acids 1-26; HCC: Hepatocellular 
carcinoma; CHB: Chronic hepatitis B.
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global dispersal coincides with historical events, including 
the slave trade and colonization[20]. Calicut and Cochin on 
the west coast of  Kerala were major sea ports frequented 
by both the Dutch East India Company and Portuguese 
colonists[21]. 

The patients infected with genotype A and D did not 
differ from each other in terms of  age, HBV viral loads, 
the frequency of  HBeAg-positivity and ALT levels (Table 
1). However, compared to cirrhotic and chronic hepatitis 
patients, a significantly higher proportion of  HCC pa-
tients were infected with subgenotype A1, and HBeAg-
negative HCC patients infected with subgenotype A1 
were significantly younger than HCC patients infected 
with genotype D. Although the number of  HCC patients 
in the present study is relatively low, the results concur 
with a South African study that showed that patients in-
fected with subgenotype A1 had a 4.5 fold increased risk 
of  developing HCC compared with those infected with 
non-A genotypes and they developed the cancer 6.5 years 
earlier[15], thus intimating a higher hepatocarcinogenic 
potential of  subgenotype A1, regardless of  host ethnicity. 
However, studies with a larger number of  HCC patients 
would be required to confirm this. These findings differ 
from a New Delhi study, which found a comparable dis-
tribution of  genotype A and D between disease groups 
and that genotype D, and not genotype A, was associated 
with HCC and were of  younger age[22]. Other studies 
from New Delhi[23] and Western India[24] found no asso-
ciation between genotype A, D and disease progression. 
The subgenotypes of  A were not differentiated in any of  
these three studies. 

Irrespective of  the genotype, the frequency of  the 
A1762T/G1764A and 1764A mutations was significantly 
higher in HCC patients compared with non-HCC pa-
tients. The majority of  HCC patients were infected with 
subgenotype A1. Similarly, the BCP double mutation oc-
curred at a higher frequency in HCC patients compared 
with asymptomatic carriers in southern Africa, where 
subgenotype A1 predominates[25]. This was not the case 
in Western India where genotype D is prevalent[26]. Al-
though the BCP mutants have been reported to contrib-
ute to the HBeAg-negative phenotype by downregulating 
precore mRNA transcription[27], in the present study, and 
in agreement with others[28], there was no correlation be-
tween the presence of  the A1762T/G1764A mutation 
and HBeAg-negativity.

The double mutation C1766T/T1768A was signifi-
cantly associated with HCC and subgenotype A1 (Table 
2). The T1768A mutation results in F132Y in HBx and 
may play a synergetic role with K130M and V131I, intro-
duced by A1762T/G1764A, leading to carcinogenesis[29]. 
Moreover, mutation C1766T/T1768A has been reported 
as an independent predictor of  cirrhosis in HBeAg-nega-
tive patients and is associated with higher viral replication 
by increasing the encapsidation of  pg RNA[30]. 

Mutation G1862T was found in 85% of  subgenotype 
A1 isolates (Table 2). Previously, G1862T was detected 
in 79% of  global subgenotype A1 isolates, but in none 

of  the subgenotype A2 isolates, and has been shown to 
be a characteristic of  subgenotype A1[31]. This high fre-
quency of  G1862T in the Keralite strains is much higher 
than that reported in either Eastern Indian and Southern 
African studies (60%[32] and 25%[33], respectively). In the 
present study, the combination of  A1762T/G1764A 
and G1862T was significantly associated with HCC in 
patients infected with subgenotype A1. A previous study 
showed that G1862T was significantly associated with 
HBeAg-negativity in South African HCC patients[34], 
but not in asymptomatic carriers[33]. Moreover, mutation 
A1762T/G1764A is found frequently in South African 
HCC patients, but not in asymptomatic carriers[25], and 
the majority of  South African HCC patients are infected 
with subgenotype A1[15]. 

The present study showed a significant association 
of  the preS2:F22L mutation with the development of  
HCC, particularly in genotype D. Recent studies identi-
fied the F22L mutation in the preS2 region as a risk fac-
tor for HCC among patients infected with genotype C[35], 
and showed significant association of  this mutation with 
liver cirrhosis in Eastern India[36]. Our study supports the 
possibility that F22L may be associated with severe liver 
disease progression.

The preS deletion and initiation codon mutations were 
prevalent in strains isolated from all clinical groups (Table 
3). This is the first study to describe the preS mutants from 
Indian HCC patients infected with subgenotype A1. A 
strong correlation between preS mutants and the develop-
ment of  HCC has been shown in patients infected with 
genotypes B or C[37,38]. In studies carried out in isolates be-
longing to genotypes B and C, mutated envelope proteins 
were shown to accumulate within the hepatocyte endo-
plasmic reticulum (ER) and result in a characteristic his-
topathological hallmark of  HCC, known as ground glass 
hepatocytes[39]. HBV induced ER stress has been shown to 
dysregulated several cell cycle regulatory pathways, which 
may contribute to hepatocarcinogenesis[40]. 

In conclusion, genotypes A and D were isolated 
from liver disease patients in Kerala, Southern India, 
with subgenotype A1 predominating. The relatively high 
prevalence of  subgenotype A1 in HCC patients supports 
previous studies in Africa, which showed an association 
of  subgenotype A1 with HCC and its development at a 
younger age[15]. This association appears not to depend 
on host ethnicity. The combination of  BCP and/or preC 
mutations, as well as the described preS mutations, could 
lead to the accumulation of  replicative intermediates and 
viral proteins, contributing to viral integration and cellular 
stress or damage. These combined characteristics could 
induce severe liver disease, including HCC, and should be 
explored further.
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COMMENTS
Background
Genotype D, followed by genotype A, has been reported to predominate in 
India. Hepatitis B virus (HBV) isolates with the A1762T/G1764A variations are 
prevalent in hepatocellular carcinoma (HCC) patients. In addition, variation 
G1862T has been reported to be a characteristic of subgenotype A1. Subgeno-
type A1 has been reported to be more hepatocarcinogenic in southern Africans, 
who develop HCC at a younger age than those infected with other genotypes.
Research frontiers
The hepatocarcinogenic potential of subgenotype A1 of HBV has been linked 
to disease progression in regions outside India. Subgenotype A1 has its origin 
in Africa and its global dispersal coincides with historical events, including the 
slave trade and colonization. 
Innovations and breakthroughs
This is the first study to report the predominance of subgenotype A1 in liver 
disease patients in India and its high prevalence in HCC patients. The relatively 
high prevalence of subgenotype A1 in HCC patients supports previous stud-
ies in Africa that showed an association of subgenotype A1 with HCC and its 
development at a younger age. The S open reading frame of subgenotype A1 
isolates from Kerala clustered within the Asian clade as a separate clade and 
encoded distinct subgenotype A1 amino acids. The subgenotype A1 isolates 
from Kerala had a higher frequency of G1862T compared to subgenotype A1 
isolates from other geographical regions. This is the first time that preS deletion 
mutants have been described in Indian HCC patients. Pre-S2: F22L was found 
in genotypes A and D.
Applications 
The prevalence of different mutations in the various genotypes of HBV may 
serve as biomarkers for disease risk and development of HCC. The differences 
in the geographical distribution of genotypes and subgenotypes of HBV may 
require different treatment algorithms. Knowledge of HBV genotypes and/or 
mutations may facilitate personalized treatment.
Terminology
A genotype is generally defined as the genetic constitution of an organism. 
In the case of viruses, the term genotype applies to the forms into which the 
genomic sequence has stabilized after a prolonged period of time and that are 
replication competent. The genotypes of HBV are defined by an intergroup 
divergence of more than 7.5%-8% in the complete genome sequence and by 
more than 4% at the level of the S gene. The term subgenotype is used to 
identify subgroups of HBV genotypes with an intergroup nucleotide difference 
between 4% and 8% across the complete genome.
Peer review
The study contributes to the understanding of the relationship between HBV 
variability and clinical outcomes in different populations worldwide. The relation-
ship between the preS deletion and HCC in this study is a critical and hot point.
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Abstract
AIM: To investigate the regulative effect of miRNA 
(miR)-221 on colorectal carcinoma (CRC) cell radiosen-
sitivity and the underlying mechanisms.

METHODS: A human CRC-derived cell line was cul-
tured conventionally and exposed to different doses of 
X-rays (0, 2, 4, 6 and 8 Gy). The total RNA and protein 
of the cells were extracted 24 h after irradiation, and 
the alteration of miR-221 and phosphatase and ten-
sin homolog deleted on chromosome 10 (PTEN) gene 
mRNA expression was detected by real-time reverse 
transcriptase polymerase chain reaction (PCR). The 
protein alteration of PTEN in the cells was detected by 
Western blotting. Caco2 cells were pretreated with or 
without anti-PTEN-siRNA prior to the addition of pre-
miR-221 or anti-miR-221 using Lipofectamine 2000. 
Colony formation assay and flow cytometry analysis 
were used to measure the surviving cell fraction and 
the sensitizing enhancement ratio after irradiation. Ad-

ditionally, PTEN 3′-untranslated region fragment was 
PCR amplified and inserted into a luciferase reporter 
plasmid. The luciferase reporter plasmid construct 
was then transfected into CRC cells together with pre-
miR-221 or anti-miR-221, and the luciferase activity in 
the transfected cells was detected.

RESULTS: The X-ray radiation dose had a significant 
effect on the expression of miR-221 and PTEN protein 
in human Caco2 cells in a dose-dependent manner. 
The miR-221 expression level improved gradually with 
the increase in irradiation dose, while the PTEN protein 
expression level reduced gradually. miR-221 expression 
was significantly reduced in the anti-miR-221 group 
compared with the pre-miR-221 and negative control 
groups (P  < 0.01). Anti-miR-221 upregulated expres-
sion of PTEN protein and enhanced the radiosensitivity 
of Caco2 cells (P  < 0.01). Moreover, the inhibitory 
effect was dramatically abolished by pretreatment 
with anti-PTEN-siRNA, suggesting that the enhance-
ment of radiosensitivity was indeed mediated by PTEN. 
A significant increase of luciferase activity was detected 
in CRC cells that were cotransfected with the luciferase 
reporter plasmid construct and anti-miR-221 (P  < 0.01).

CONCLUSION: Anti-miR-221 can enhance the radio-
sensitivity of CRC cells by upregulating PTEN.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colorectal carcinoma; miR-221; Phosphatase 
and tensin homolog deleted on chromosome 10; Radio-
sensitivity

Core tip: Previous studies have shown that miRNA 
(miR)-221 expression is elevated in radioresistant 
colorectal carcinoma (CRC) cells; however, it is un-
known whether and how miR-221 controls cellular 
response to irradiation. We demonstrated that knock-
down of miR-221 upregulated phosphatase and tensin 
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homolog deleted on chromosome 10 (PTEN) expres-
sion, and PTEN was identified as a direct target of 
miR-221 in CRC. Upregulated PTEN expression sup-
pressed AKT activity and increased radiation-induced 
cell death, enhancing radiosensitivity in CRC cells. This 
study provides evidence for antioncogenic activity of 
anti-miR-221 in the irradiation of CRC and may be a 
useful biomarker or therapeutic target in CRC.

Xue Q, Sun K, Deng HJ, Lei ST, Dong JQ, Li GX. Anti-
miRNA-221 sensitizes human colorectal carcinoma cells to 
radiation by upregulating PTEN. World J Gastroenterol 2013; 
19(48): 9307-9317  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i48/9307.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i48.9307

INTRODUCTION
Colorectal carcinoma (CRC) is one of  the most frequent 
cancers and a common cause of  cancer-related death 
worldwide, with an increasing incidence expected in the 
next few decades[1]. The overall incidence of  CRC is 5% 
in the general population and the 5-year survival rate 
ranges from 40% to 60%[2]. The national comprehensive 
cancer network guidelines on CRC treatment include 
radiotherapy as standard for patients with a high risk of  
recurrence (http://www.nccn.org/index.asp). However, 
the radiotherapeutic efficiency is often limited by the 
occurrence of  radioresistance, reflected as a diminished 
susceptibility of  the irradiated cells to undergo apoptosis. 
As a result, this therapeutic strategy cannot substantially 
improve the survival rate[3]. With the understanding of  
the molecular biology of  CRC, it has been recognized 
that development of  radioresistance is related to changes 
of  tumor environment and the dysregulation of  certain 
genes, including some genes involved in a variety of  cell 
signaling pathways as well as oncogenes and tumor sup-
pressor genes[4].

miRNAs are a new class of  small noncoding RNAs 
that regulate the expression of  target genes through 
translational repression or mRNA cleavage/decay[5]. 
Genome-wide studies have demonstrated that miRNA 
genes are frequently located at cancer-associated genomic 
regions, indicating the potential roles of  miRNAs in 
tumorigenesis[6]. miRNAs play an important role in the 
multistep processes of  carcinogenesis, either by onco-
genic or tumor suppressor function in CRC[7]. However, 
only a few studies have determined the roles of  miRNAs 
in radiation response in CRC[8]. miRNA (miR)-221, en-
coded in tandem from a gene cluster located on chromo-
some X, is a recently discovered miRNA and is involved 
in tumor development by regulating cell proliferation 
cycle[9]. In our previous study, we have demonstrated 
that miR-221 promotes CRC occurrence and progres-
sion, which makes it a potential antitumor candidate 
for treatment and prevention of  CRC[10]. However, the 

miR-221 response for CRC to survive radiation-induced 
injury remains largely unknown.

The phosphatase and tensin homolog deleted on chro-
mosome 10 (PTEN) gene, located at 10q23.3, encodes a 
central domain with homology to the catalytic region of  
protein tyrosine phosphatases[11]. This gene is an important 
regulator of  protein phosphatases and 3′-phosphoinositol 
phosphatases. PTEN dephosphorylates phosphatidylino-
sitol-3,4,5-triphosphate (PIP3), the second messenger 
produced by phosphoinositide 3-kinase, to regulate nega-
tively the activity of  the serine/threonine protein kinase, 
AKT[12]. PTEN is inactivated in some malignant tumors, 
resulting in AKT hyperactivation, thereby promoting 
cell proliferation, inhibition of  apoptosis, and enhanced 
cell invasion and radioresistance[13]. miRNAs, specifically 
miR-221, have been established as regulators of  PTEN 
expression[14]. However, how miR-221 affects PTEN in 
CRC radiation has not been elucidated. Therefore, in this 
study, we observed the effect of  miR-221 on the radiosen-
sitivity of  CRC cells and its underlying mechanisms.

MATERIALS AND METHODS
Cell culture and transfection
Human CRC-derived cell lines, including HT-29, 
Lovo, SW-480, Caco2, and control human umbilical vein 
endothelial cells (HUVECs), provided by Shanghai In-
stitutes For Biological Science, CAS, were resuscitat-
ed routinely, resuspended with RPMI-1640 supplemented 
with 10% (v/v) fetal bovine serum (FBS; Hyclone, Lo-
gan, UT, United States), 100 kU/mL penicillin G and 
100 g/L streptomycin, and then planted in a 25-cm2 cul-
ture bottle and incubated in a 5% CO2 humidified atmo-
sphere at 37 ℃. The media were changed every 3 d and 
the cells were trypsinized using trypsin/edetic acid when 
they reached 80%-90% confluence. Cells aged at passages 
4-8 were used for the experiments. The day before trans-
fection, cells were seeded in antibiotic-free medium. Cells 
(1 × 104/well) were seeded in a 96-well plate, incubated 
for 24 h to allow them attach to the bottom of  the well, 
and then transfected with 50 nmol/L negative control, 
pre-miR-221 or anti-miR-221 oligonucleotides, respec-
tively (Shanghai GenePharma, Shanghai, China). Trans-
fection of  miRNAs was carried out using Lipofectamine 
2000 in accordance with the manufacturer’s procedure 
(Invitrogen, Carlsbad, CA, United States). The above 
experiment was repeated at least three times.

Cell proliferation analysis of transfected cells by MTT 
assay
The status of  cell proliferation was determined by 3-(4, 
5-dimethylthiazol-2-yl)-2,5-diphenyl trozolium bromide 
(MTT; Amresco, Solon, OH, United States) assay. In 
short, exponentially growing CRC cells were adjusted to 
1.5 × 104 cells/mL with RPMI-1640, planted in 96-well 
plates (Corning, Corning, NY, United States) at 200 μL/
well, and incubated for 12 h. After transfection with 50 
nmol/L pre-miR-221 or anti-miR-221 and incubation for 
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48 h (five duplicate wells for each sample), 20 μL/well 
MTT (5 g/L) was added to each well. The medium was 
removed after 4 h incubation and 100 μL/well dimeth-
ylsulfoxide was added to dissolve the reduced formazan 
product. Finally, the plate was read in an enzyme-linked 
immunity implement (Bio-Rad 2550, Hercules, CA, Unit-
ed States) at 490 nm. Cellular proliferation inhibition rate 
(CPIR) was calculated using the following formula: CPIR 
= (1 - average A value of  experimental group/average A 
value of  control group) × 100%. The above experiment 
was repeated at least three times.

miRNA target prediction
The analysis of  miR-221-predicted targets was performed 
using the algorithms TargetScan (http://targetscan.org/), 
PicTar (http://pictar.mdc-berlin.de/) and MiRanda 
(http://www.microrna.org/microrna/home.do).

Luciferase activity assay
The human 3′-untranslated region (UTR) of  the PTEN gene 
was amplified by PCR using the primers 5’-CGATTC-
TAGAAATCATGTTCTGGTGG-3’ for PTEN-3’-
UTR-Forward and 5’-GCATTCTAGAATTCTGCA-
CAGTAAGCATA-3’ for PTEN-3’-UTR-Reverse and 
cloned into the XbaI site of  the pGL3-control vector 
(Promega, Madison, WI, United States), downstream of  
the luciferase gene, to generate the vector pGL3-PTEN. 
For luciferase assay, the CRC cells were cultured in 24-well 
plates and transfected with 500 ng of  either pGL3-PTEN 
or pGL3-control vector and 50 pmol pre-miR-221, anti-
miR-221 or negative control. Transfection was performed 
using Lipofectamine 2000 (Invitrogen) as described by the 
manufacturer. At 24 h after transfection, firefly luciferase 
activity was measured using the Dual Luciferase Reporter 
Assay (Promega, Madison, WI, United States). The above 
experiment was repeated at least three times.

Radiation exposure
Irradiation was performed at room temperature in a lin-
ear accelerator (Varian 600; Palo Alto, CA, United States) 
at a dose rate of  3.2 Gy/min. Monolayer cells were plated 
into six-well plates, placed 100 cm from the source, and 
exposed to the specified dose (0, 2, 4, 6 and 8 Gy) of  
X-rays[14].

Detection of miR-221 and PTEN mRNA expression 
by real-time reverse transcriptase polymerase chain 
reaction 
Total RNA was extracted with routine Trizol reagent (In-
vitrogen). The precipitation was dissolved in diethylpyro-
carbonate-treated water. Nucleic acid protein analyzer 
(Beckman Coulter, Fullerton, CA, United States) was 
used to determine RNA concentration. The purity and 
integrity of  RNA were identified by two aspects: A260nm/
A280nm ≥ 1.8, and a band ratio of  28S to 18S RNA ≥ 1.5 
in formaldehyde denaturing gel electrophoresis. miR-221 
and PTEN mRNA was quantified as described previous-
ly[10]. The comparative 2-ΔΔCT method was used for relative 

quantification and statistical analysis. The above experi-
ment was repeated at least three times.

Detection of target protein expression by Western 
blotting
The cells were rinsed twice with cold phosphate buffered 
solution (PBS) buffer, and were then lysed in an ice-cold 
lysis buffer containing 150 mmol/L NaCl, 50 mmol/L 
Tris-HCl (pH 7.6), 0.1% SDS, 1% Nonidet P-40, and 
protease inhibitor cocktail (Boehringer Mannheim, Lewes, 
Sussex, United Kingdom). The samples were cleared by 
centrifugation at 13000 g for 10 min. Fifty micrograms of  
protein from the tissue was subjected to SDS-PAGE and 
electrotransferred to polyvinylidine fluoride membranes 

(Immobilon, Bedford, MA). After blocking in 20 mmol/L 
Tris-HCl, pH 7.6 (containing 150 mmol/L NaCl, 0.1% 
Tween-20, and 5% nonfat dry milk), membranes were 
incubated with primary antibodies against target protein 
or β-actin (used as a sample loading control) overnight 
at 4 ℃ and then incubated with horseradish-peroxidase-
conjugated secondary antibody. The blot was developed 
using the ECL detection kit (Amersham Pharmacia Bio
tech, Piscataway, NJ, United States) according to the man-
ufacturer’s instructions and the protein imprinting band 
was obtained. The above experiment was repeated at least 
three times.

Colony formation assay
At 24 h after irradiation, all cells were trypsinized and 
counted. Corresponding numbers of  cells were seeded 
into 10-cm dishes containing RPMI-1640 supplemented 
with 10% FBS, in triplicate, incubated for 14 d to allow 
colony growth, and colonies were stained with crystal 
violet. Colonies containing ≥ 50 cells were counted. The 
plating efficiency was calculated by dividing the average 
number of  colonies per dish by the number of  cells plat-
ed. Survival fractions were calculated by normalization to 
the plating efficiency of  appropriate control groups. The 
above experiment was repeated at least three times.

Flow cytometry assay
The effects of  miR-221 and irradiation on CRC cell 
death were examined by flow cytometry. Pretreated CRC 
cells were harvested and washed twice with PBS, fixed 
with 70% ethanol at -20 ℃ for 30 min, and stored at 4 ℃ 
overnight, then washed with PBS again, treated with 100 
mL 100 mg/L RNase at 37 ℃ for 30 min, and stained 
with 100 mL 50 mg/L propidium iodide at 4 ℃ for 30 
min in the dark. The multiplication cycle and apoptotic 
rate were assayed using flow cytometry, and the data were 
analyzed using CellQuest software. The percentages of  
necrotic and apoptotic cells were measured by calculat-
ing the ratio of  the number of  corresponding cells to the 
number of  total cells. For each sample, 10000 cells were 
measured.

Statistical analysis
All data in the experiment are presented as mean ± SD. 

9309 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

Xue Q et al . Anti-miR-221 action on CRC radiosensitivity



9310 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

miR-221 level, respectively. Real-time RT-PCR analy-
sis revealed that introduction of  pre-miR-221 caused a 
significant increase of  miR-221 value; conversely, anti-
miR-221 caused a significant decrease of  miR-221 value 
(Figure 1A, P < 0.01). These strategies were then used as 
the basis of  the remaining experiments.

We further tested whether the cell proliferation po-
tential of  the transfected CRC cells was modified and the 
status of  cell proliferation was determined by MTT assay. 
We observed a significant increase in proliferation after 
transfection of  pre-miR-221. In contrast, anti-miR-221 
significantly decreased cell proliferation (Figure 1B, P < 
0.01). These data indicate that cell proliferation can be 
significantly enhanced by increase of  miR-221 expres-
sion, a result which strongly supports the potential onco-
genic activity of  miR-221 in CRC.

PTEN is a target of miR-221 in CRC
Most miRs are thought to control gene expression by 
base-pairing with the miR-recognizing elements found 
in their messenger target. We utilized all three currently 
available major prediction programs, TargetScan, Miranda 
and PicTar, to analyze the potential interactions between 
miR-221 and PTEN. All these algorithms reveal a po-
tential miR-221 target site in the PTEN mRNA 3’-UTR 
region (Figure 2A). To demonstrate the direct interac-
tion between miR-221 and PTEN mRNA, we cloned 
PTEN-3’-UTR segment, which includes a potential target 
site for miR-221, downstream of  the pGL3 luciferase 
reporter gene, to generate the pGL3-PTEN vector. 
This vector was cotransfected into Caco2 cells together 
with pre-miR-221 or anti-miR-221. Luciferase activity in 
Caco2 cells cotransfected with pGL3-PTEN vector and 
miR-221 was decreased markedly compared with negative 
controls. On the contrary, luciferase activity in Caco2 cells 
transfected with anti-miR-221 was increased significantly 
compared with negative controls (Figure 2B). These re-
sults support the bioinformatic prediction indicating the 
3’-UTR of  PTEN mRNA as a target for miR-221.

To check whether miR-221 actually affects PTEN 
expression in CRC cells, we analyzed the consequence of  
the ectopic expression of  miR-221. We transfected the 
pre-miR-221 or anti-miR-221 into Caco2 cells, and we 
searched for changes in PTEN protein levels by Western 
blotting. Introduction of  miR-221 caused a significant 
increase of  miR-221 value and decreased PTEN pro-
tein levels. Conversely, anti-miR-221 caused a significant 
decrease of  miR-221 value and increased PTEN pro-
tein amounts (Figure 2C). No significant changes in the 
PTEN mRNA levels were observed in the cells either 
transfected with miR-221 or anti-miR-221 (Figure 2D). 
This result strongly validates a post-transcriptional regula-
tion of  PTEN protein by miR-221, and also excludes its 
role in PTEN mRNA degradation.

miR-221 modulates Caco2 cell radiosensitivity
To determine whether miR-221 and PTEN were in-
volved in the cellular response to radiotherapy in CRC, 

Comparisons between groups were analyzed with one-
way ANOVA and Student-Newman-Keuls Q test using 
SPSS version 15.0 (SPSS, Chicago, IL, United States). P < 
0.05 was considered to be statistically significant.

RESULTS
Modulation of miR-221 expression in CRC cell lines
To study the expression pattern of  miR-221 in CRC cells, 
we performed real-time RT-PCR to detect miR-221 ex-
pression in four CRC-derived cell lines. The expression 
values of  miR-221 in HT-29, Lovo, SW-480 and Caco2 
were 4.094 ± 0.208, 1.122 ± 0.138, 3.927 ± 0.232 and 
1.831 ± 0.149, respectively. A significant overexpression 
of  miR-221 was observed in all four CRC cell lines rela-
tive to HUVEC (0.223 ± 0.047, P < 0.01). The Caco2 cell 
line was chosen for both pre-miR-221 and anti-miR-221 
transfection in the successive experiment because it ex-
hibits, among the four cell lines tested, an intermediate 
miR-221 expression level.

To determine the biological impact of  miR-221 in 
the CRC-derived cell line, Caco2 cells were transfected 
with pre-miR-221 or anti-miR-221 to increase or reduce 

5

4

3

2

1

0

m
iR

-2
21

 r
el

at
iv

e 
ex

pr
es

si
on

Blank       Negative control    Pre-miR-221     Anti-miR-221

Figure 1  Modulation of miR-221 expression and cell proliferation in 
Caco2 cells. A: Expression of miR-221 was detected by real-time RT-PCR. 
Expression of U6 snRNA was used as internal control; B: The status of cell pro-
liferation was determined by MTT assay. CPIR in the presence of pre-miR-221 
or anti-miR-221 was compared with those of controls. n = 6, mean ± SD; bP < 
0.01 vs control group. 

100

80

60

40

20

0

CP
IR

 (
%

)

Blank       Negative control    Pre-miR-221     Anti-miR-221

b

b

b

b

B

A

Xue Q et al . Anti-miR-221 action on CRC radiosensitivity



9311 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

Caco2 cells were exposed to different doses of  X-rays to 
observe the regular pattern of  miR-221 and PTEN. The 
radiation dose had a significant effect on the expression 
of  miR-221 and PTEN protein in human Caco2 cells in a 
dose-dependent manner. The miR-221 expression level 
improved gradually with the increase in radiation dose, 
while the PTEN protein expression level reduced gradu-
ally (Figure 3A and B). However, no significant changes 
in the PTEN mRNA levels were observed in the cells 
exposed to irradiation (Figure 3C). All these results gave 
us a first hint that the expression of  miR-221 might be 

       3' cuuugggucgUCUGUUACAUCGa 5' hsa-miR-221

184: 5' aguugaaaaaAGGUUGUGUAGCu 3' PTEN
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Figure 3  Effects of X-ray dose on miR-221 and phosphatase and tensin 
homolog deleted on chromosome 10 expression in colorectal carcinoma-
derived cells. A: Expression of miR-221 was detected by real-time RT-PCR. 
The miR-221 expression level improved in a dose-dependent manner with the 
increase in radiation dose, bP < 0.01 vs control group; B: Expression of phos-
phatase and tensin homolog deleted on chromosome 10 (PTEN) protein was 
detected by Western blotting, β-actin was used as a housekeeping gene to 
normalize PTEN protein expression. The relative PTEN protein levels normal-
ized against β-actin are shown at the top of each panel. The expression of 
PTEN protein was decreased in a dose-dependent manner with the increase 
in radiation dose; C: Expression of PTEN mRNA was detected by real-time RT-
PCR. No significant changes in the PTEN mRNA levels were observed in the 
cells exposed to irradiation. The results are representative of three indepen-
dent experiments.
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one of  the mechanisms acting to regulate radiosensitivity 
in CRC cells negatively.

To determine whether miR-221 affected Caco2 cell 
radiosensitivity, cells were transfected with pre-miR-221 
or anti-miR-221 and colony formation was assessed fol-
lowing 0-8 Gy radiation. Transfection of  Caco2 cells with 
pre-miR-221 significantly increased survival following 0-8 
Gy radiation compared to blank and negative controls. 
Conversely, transfection of  Caco2 cells with anti-miR-221 
significantly decreased survival following radiation expo-
sure (Figure 4). The D0 value, the radiation dose required 
to reduce the level of  cell survival from 100% to 37%, 
which is considered a measure of  the intrinsic radiosensi-
tivity of  the cell, was calculated following genetic manip-
ulation of  miR-221. The quasi-threshold dose (Dq) value 
represents the sublethal damage repair capacity of  the 
cells, which is also a sensitive indicator for the evaluation 
of  cell radiosensitivity. Blank control cells, cells transfect-
ed with negative control or pre-miR-221 or anti-miR-221 
oligonucleotides exhibited D0 values of  1.681, 1.666, 2.208 
and 1.068 Gy, respectively. The sensitization enhance-
ment ratio (SER), calculated by determining the ratio of  
the D0 of  the control group vs treated cells, was 1.009, 
0.761 and 1.574 for negative control-, pre-miR-221-, or 
anti-miR-221-treated cells, respectively (Table 1), indicat-
ing a radiosensitization potential for targeting miR-221. 

To study the mechanism of  miR-221 knockdown-
induced radiosensitization, we measured irradiation-
induced cell death in cells transfected with negative con-
trol or anti-miR-221 by flow cytometry. We found that 
in unirradiated cells transfected with anti-miR-221, there 
was an increase in necrosis and apoptosis compared to 
that in the controls. This is consistent with our previous 
observations that miR-221 knockdown leads to inhibition 
of  cell growth[10]. More interestingly, in irradiated cells, 
anti-miR-221 transfection enhanced cell death (Figure 

5), demonstrating a synergistic effect of  miR-221 knock-
down with irradiation. Collectively, these results provide 
strong evidence that miR-221 regulates the radiosensitiv-
ity of  Caco2 cells.

Enhancement of anti-miR-221 on CRC cell 
radiosensitivity is mediated by PTEN
PTEN is a tumor suppressor protein, thus, we hypoth-
esized that anti-miR-221 might sensitize Caco2 cells to 
radiotherapy by upregulating PTEN protein expression. 
To study further downstream pathways of  miR-221, we 
conducted Western blotting to look at phosphorylation 
of  AKT, a downstream target of  PTEN. In Caco2 cells 
transfected with anti-miR-221, there was a significant in-
crease in PTEN expression accompanied by downregula-
tion of  AKT phosphorylation (Figure 6A).

Additionally, if  anti-miR-221 enhancement of  CRC 
cell radiosensitivity was indeed mediated by PTEN, we 
would expect that the PTEN-specific and irreversible 
antagonist, anti-PTEN-siRNA, would abolish this effect. 
To test this hypothesis, we measured the cell radiosensi-
tivity variations induced by pre-miR-221 or anti-miR-221 
in CRC cells previously transfected with anti-PTEN-
siRNA. The aim of  this experiment was to study if  and 
how the PTEN-depleted cellular environment responds 
to pre-miR-221 or anti-miR-221 addition and irradiation. 
Caco2 cells were pretreated with or without anti-PTEN-
siRNA (80 nmol/L) for 24 h prior to the addition of  
pre-miR-221 (50 nmol/L) or anti-miR-221 (50 nmol/L) 
and the status of  cell radiosensitivity was determined by 
colony formation assay following different doses of  X-ray 
exposure. The data showed that a reduction of  PTEN 
dosage by means different from miR-221 overexpression 
led to analogous outcomes: when we transfected Caco2 
cells with anti-PTEN-siRNA, which was able to reduce 
both PTEN mRNA and protein by about 80% (Figure 
6B and C), we observed a sharp increase in cell survival 
following radiation as compared with the negative con-
trols (Figure 6D). Thus, reducing PTEN levels in CRC 
cells, either by miR-221 overexpression or by anti-PTEN-
siRNA transduction, is sufficient to induce a comparable 
cell survival increase.

When pre-miR-221 was transfected into Caco2 cells 
previously treated with anti-PTEN-siRNA, we observed 
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Table 1  Impact of miR-221 expression on Caco2 cell 
radiosensitivity

Group D0 Dq SF4 SER

Blank control + irradiation 1.681 5.630 0.5966
Negative control + irradiation 1.666 5.813 0.5858 1.009
Pre-miR-221 + irradiation 2.208 7.828 0.7453 0.761
Anti-miR-221 + irradiation 1.068 4.655 0.2984 1.574

Caco2 cells were transfected with negative control, pre-miR-221 or anti-
miR-221 oligonucleotides. D0 and Dq were determined by standardized 
software, and the sensitization enhancement ratio (SER) was calculated 
by determining the ratio of the D0 of the control group vs treated cells. SF4: 
Surviving fraction at 4 Gy. 
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that anti-PTEN-siRNA and miR-221 seemed to cooperate 
to increase the survival rate (Figure 6D). However, when 
anti-miR-221 was transfected into Caco2 cells previously 
treated with anti-PTEN-siRNA, we observed that the 
suppression of  cell survival by anti-miR-221 was partially 
abrogated by anti-PTEN-siRNA (Figure 6D, Table 2). 
These results indicated that the inhibitory effect of  anti-
miR-221 on CRC cell survival following irradiation was 
partially, but not completely, mediated by PTEN, suggest-
ing that anti-miR-221 could also activate some PTEN-in-

dependent signaling pathways to repress CRC cell growth 
in addition to the up-regulation of  PTEN.

DISCUSSION
Radiotherapy is one of  the most important treatment 
methods for CRC. However, only one-third of  CRC 
patients are highly responsive to radiation. The other 
patients are relatively resistant to radiation, and they tend 
to progress even after high-dose treatment[15-17]. Factors 
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leading to CRC radioresistance include location, size, 
and microenvironment such as inadequate vascular sup-
ply[18,19]. More importantly, cellular and genetic factors 
that are related to radiation responses may explain radia-
tion-resistant cellular phenotypes[20,21]. 

Activation of  oncogenes and inactivation of  tumor 
suppressor genes lead to aberrant activity of  signal trans-
duction pathways, and radioresistance can be a result of  
abnormal functioning of  these signaling pathways[22-24]. 
PTEN functions as a tumor suppressor gene, specifi-
cally by negatively regulating the AKT/PKB signaling 

pathway[25]. Previous studies have shown that PTEN is 
a dual-specificity phosphatase possessing both lipid and 
protein phosphatase activities. Activated PTEN affects 
a dephosphorylation of  PIP3, generates PIP2, and de-
creases the phosphorylation level of  AKT, which result 
in cell growth arrest and apoptosis[26]. Genetic inactiva-
tion of  PTEN is a hallmark of  many cancers, including 
CRC, and reduced expression occurs in many other tu-
mor types. Deficiency of  PTEN in the intestine has been 
reported to induce precancerous polyps, via the induction 
of  formation and fission of  crypts, structures located 
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at the base of  the intestine containing a rapidly divid-
ing pool of  intestinal stem cells[27,28]. Moreover, restoring 
PTEN expression in PTEN-deficient tumor cells has 
been shown to enhance radiosensitivity; however, little is 
known regarding the impact of  miRNAs on PTEN ex-
pression in CRC[29,30]. 

Zhang et al[31] studied the miR-221 expression in a gas-
tric cancer-derived cell line and demonstrated that PTEN 
was the target of  miR-221. miR-221 is a newly discov-
ered miRNA which is upregulated in multiple malignant 
tumors such as hepatocellular carcinoma, bladder cancer, 
and pancreatic cancer, and facilitates tumors entering S 
phase from G0/G1 phase by inhibiting the expression of  
cyclin dependent kinase inhibitor (CDKI)[32]. miR-221 
therefore represents an attractive candidate for selec-
tive treatment with miR-221-specific inhibitor. miR-221 
expression is abnormally increased in CRC and can 
promote CRC development, which has been confirmed 
by our previous studies[10]. However, the mechanism by 
which miR-221 modulates the malignant phenotype, in-
cluding radioresistance, within CRC remains unknown. 
Here, we observed miR-221 upregulation in several hu-
man CRC-derived lines compared with HUVEC, cor-
roborating the findings of  our previous studies[10]. In this 
study, we predicted that PTEN would be a target gene 
of  the miR-221 by computer-aided algorithm. Moreover, 
we found binding sites for human miR-221 in the PTEN 
3′-UTR by using luciferase activity assay, suggesting that 
miR-221 might affect PTEN expression. Indeed, we 
demonstrated that introduction of  miR-221 caused a sig-
nificant increase of  miR-221 value and decreased PTEN 
protein levels. Conversely, anti-miR-221 caused a signifi-
cant decrease in miR-221 value and increased PTEN pro-
tein. Based upon these findings, we hypothesized PTEN 
as a target of  miR-221 in CRC to regulate cell radiosensi-
tivity.

As PTEN is a target of  miR-221, and has been de-
scribed previously as an important regulator of  radiation 
sensitivity, these results suggest that increasing PTEN 
expression by silencing miR-221 could enhance the ra-
diosensitivity of  CRC cells. In this study, transfection 
of  Caco2 cells with pre-miR-221 significantly increased 
survival following X-ray exposure compared to blank 
and negative controls. Conversely, transfection of  Caco2 

cells with anti-miR-221 significantly decreased survival 
following irradiation. Indeed, we proved that the Caco2 
cells were sensitized to radiation by knockdown of  
miR-221; however, whether PTEN was the sole or main 
target for miR-221 regulation of  radiosensitivity remains 
unknown. Thus, by using the PTEN-specific antagonist, 
anti-PTEN-siRNA, we demonstrated that the regulatory 
effect of  anti-miR-221 on CRC cell radiosensitivity was 
partially, but not completely, mediated by PTEN, suggest-
ing that miR-221 could regulate other PTEN-indepen-
dent signaling pathways to enhance CRC radiosensitivity. 
It has been previously shown that CDKN1B/p27 and 
CDKN1C/p57 are also the target of  miR-221 and con-
sistently, CDKN1B/p27 and CDKN1C/p57 expressions 
inversely correlate in most cancers with miR-221 over-
expression, which suggests that the inhibitory effect of  
anti-miR-221 on CRC cell radiosensitivity is only partially 
abrogated by anti-PTEN-siRNA[33]. We think that our re-
sults, which identify PTEN as a target for miR-221 in the 
context of  CRC cell lines, fit well within a dynamic view 
of  the miRNA-mediated regulation of  gene expression: 
it is well known and widely predicted that the relation-
ship between miRNAs and target mRNAs is not a “one 
to one” connection, because the same mRNA can be 
regulated by more than one miRNA, and that the choice 
of  how many and which miRNAs target one 3’-UTR 
is strongly determined by the specific cellular environ-
ment[34-36]. An miRNA that regulates targets playing op-
posite roles in the control of  cell proliferation may act as 
a tumor suppressor in some cancers and as an oncogene 
in others, depending on which targets are driving tumori-
genesis in that specific cellular milieu.

In summary, we demonstrated that miR-221 could 
regulate CRC cell radiosensitivity by targeting PTEN. 
Our data suggest that upregulation of  PTEN expression 
by transfection of  anti-miR-221 has important biological 
effects on the radiosensitivity of  CRC cells. These results 
identify anti-miR-221 as a potential therapeutic approach 
for CRC via upregulation of  PTEN. However, it is note-
worthy that the results in this study are based on only one 
cultured CRC cell line that might not necessarily com-
prehensively reflect other lines and the in vivo situation. 
Therefore, further experiments are required to elucidate 
the antitumor mechanisms of  anti-miR-221 in in vivo sys-
tems.

COMMENTS 
Background
miRNAs regulate gene expression by mainly binding to the 3’-untranslated 
region (UTR) of target mRNAs, leading to mRNA degradation or translation 
inhibition. miRNAs are aberrantly expressed in various cancers, suggesting that 
they play a vital role as a novel class of oncogenes or tumor suppressor genes, 
depending on the targets they regulate.
Research frontiers
Colorectal carcinoma (CRC) is one of the most dangerous malignancies in 
China. Previous studies have shown that miR-221 expression is elevated 
in radioresistant CRC cell lines; however, it is not known whether and how 
miR-221 controls the cellular response to irradiation. In this study, the authors 
investigated the alterations of miR-221 and phosphatase and tensin homolog 

Table 2  Impact of PTEN on miR-221-mediated Caco2 cell 
radiosensitivity

Group D0 Dq SF4 SER

Blank control + irradiation 1.677 5.590 0.5667
Anti-PTEN-siRNA + irradiation 2.327 7.788 0.7569 0.718
Anti-miR-221 + irradiation 1.082 4.702 0.2977 1.550
Anti-miR-221 and anti-PTEN-
siRNA + irradiation

1.511 5.010 0.4788 1.110

Caco2 cells were pretreated with anti-PTEN-siRNA for 24 h prior to the 
addition of anti-miR-221. D0 and Dq were determined by standardized 
software, and the sensitization enhancement ratio (SER) was calculated 
by determining the ratio of the D0 of the control group vs treated cells. SF4: 
Surviving fraction at 4 Gy. 
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deleted on chromosome 10 (PTEN) gene expression in CRC cells after X-ray 
irradiation, and the mechanisms underlying the enhancement of radiosensitivity 
to irradiation in CRC cells transfected with anti-miR-221.
Innovations and breakthroughs
Some human miRNAs are consistently deregulated in human cancer, suggest-
ing a role for these genes in tumorigenesis. This study showed that knocking 
down miR-221 by antisense oligonucleotides upregulated PTEN expression 
and PTEN was identified as a direct target of miR-221 in CRC. Moreover, up-
regulated PTEN expression suppressed AKT activity and increased radiation-
induced cell death, resulting in enhancement of radiosensitivity in CRC cells.
Applications
This study indicated that anti-miR-221 enhanced the radiosensitivity of CRC 
cells by upregulating PTEN, and miR-221 might be a novel potential strategy 
for CRC treatment.
Peer review
Anti-miR-221 could enhance the radiosensitivity of CRC cells by upregulat-
ing PTEN. This study provides evidence for the antioncogenic activity of anti-
miR-221 in the irradiation of CRC and this may be a useful biomarker or thera-
peutic target in CRC.
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Abstract
AIM: To evaluate the potential effectiveness of hy-
droxynaphthoquinone mixture (HM) in rats with 2,4,6-tri
nitrobenzene sulfonic acid (TNBS)-induced colitis.

METHODS: Colitis was induced by intracolonic ad-
ministration of TNBS (80 mg/kg, dissolved in 50% 
ethanol). Rats were treated daily for 7 d with HM (2.5, 
5, 10 mg/kg) and mesalazine 100 mg/kg 24 h after 
TNBS instillation. Disease progression was monitored 
daily by observation of clinical signs and body weight 
change. At the end of the experiment, macroscopic 
and histopathologic lesions of rats were scored, and 
myeloperoxidase (MPO) activity was determined. We 

also determined inflammatory cytokine tumor necrosis 
factor (TNF)-α level by ELISA, Western blotting and im-
munochemistry to explore the potential mechanisms of 
HM.

RESULTS: After intracolonic instillation of TNBS, ani-
mals developed colitis associated with soft stool, diar-
rhea and marked colonic destruction. Administration of 
HM significantly attenuated clinical and histopathologic 
severity of TNBS-induced colitis in a dose-dependent 
manner. It abrogated body weight loss, diarrhea and in-
flammation, decreased macroscopic damage score, and 
improved histological signs, with a significant reduction 
of inflammatory infiltration, ulcer size and the sever-
ity of goblet cell depletion (all P  < 0.05 vs  TNBS alone 
group). HM could reduce MPO activity. In addition, it 
also decreased serum TNF-α level and down-regulated 
TNF-α expression in colonic tissue. This reduction was 
statistically significant when the dose of HM was 10 mg/
kg (P  < 0.05 vs  TNBS alone group), and the effect was 
comparable to that of mesalazine and showed no ap-
parent adverse effect. The underlying mechanism may 
be associated with TNF-α inhibition. 

CONCLUSION: These findings suggest that HM pos-
sesses favourable therapeutic action in TNBS-induced 
colitis, which provides direct pharmacological evidence 
for its clinical application.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Current therapies for inflammatory bowel dis-
ease are limited by lack of effectiveness, drug refrac-
toriness or severe adverse effects. Therefore, there is 
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an urgent need for more effective and safe therapeutic 
approaches. Due to their favourable effect and less 
side effects, looking for novel agents from herbal and 
natural products has been a research focus for a long 
time. Previous studies demonstrate that hydroxynaph-
thoquinones exert therapeutic action on chronic inflam-
matory disease. In this study, hydroxynaphthoquinones 
showed beneficial effect on 2,4,6-trinitrobenzene sul-
fonic acid-induced colitis via  tumor necrosis factor-α 
inhibition, and the effect was comparable to that of 
mesalazine. This provides pharmacological evidence for 
its clinical application.

Fan HY, Zhang ZL, Liu K, Yang MY, Lv WH, Che X, Xu H, 
Song WW. Effectiveness of a hydroxynaphthoquinone fraction 
from Arnebia euchroma in rats with experimental colitis. World 
J Gastroenterol 2013; 19(48): 9318-9327  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i48/9318.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i48.9318

INTRODUCTION
Inflammatory bowel disease (IBD), comprising Crohn’s 
disease (CD) and ulcerative colitis (UC), is a chronic, re-
lapsing inflammatory intestinal disorder[1]. The incidence 
and prevalence of  IBD are now increasing worldwide. 
The highest incidences have been reported in North 
American and Northern Europe. In recent years, the 
incidence rates appear to be increasing in developing 
countries in Europe and Asia with westernisation of  life-
style and industrialization, including China, South Korea 
and India[2]. The exact pathogenesis remains elusive, but 
thus far, IBD is thought to be the results of  interaction 
between genetic alterations and environment factors that 
induce an aberrant mucosal immune response, in which 
inflammatory cytokines play a critical role in the induc-
tion of  colonic tissue damage[3,4]. Available therapies 
for IBD include conventional anti-inflammatory agents 
(such as 5-aminosalicylates and corticosteroids), immune 
modulators and biological therapy. Biological therapy 
aims at antagonizing pro-inflammatory molecules. Thus, 
inflammatory cytokines are the most logical targets for 
IBD treatment. Among various cytokines, tumor necro-
sis factor (TNF)-α is the cytokine that has been widely 
studied. Currently, the use of  TNF-α blockers is the only 
licensed biological therapy for IBD and several TNF-α 
blockers (infliximab, adalimumab and certolizumab) have 
been applied in clinical practice. Although these available 
agents have shown clinical benefits to some degree, they 
are not entirely effective and have multiple adverse ef-
fects. Furthermore, IBD management requires long-term 
treatment that often leads to drug refractoriness or in-
tolerance[3]. Patients who are unresponsive to the current 
therapy still suffer from this common disease. Therefore, 
it is necessary to develop novel therapeutic approaches.

Zicao, the dried root of  Arnebia euchroma (Royle) John-
st, is a traditional Chinese herbal medicine. It has been 

used in China for thousands of  years for the treatment 
of  various diseases[5,6]. Naphthoquinones (also termed as 
hydroxynaphthoquinones in Pharmacopoeia of  China) 
have been identified as the main representative active in-
gredients of  Zicao. Hydroxynaphthoquinones mainly con-
sist of  alkannin and shikonin as well as their derivatives. 
Modern pharmacological studies have demonstrated 
that hydroxynaphthoquinones possess multiple biologi-
cal activities such as anti-inflammation, wound healing, 
antibacterial and antifungal[5-9]. In particular, shikonin 
exerts significant anti-arthritic and immunomodulatory 
effects. It could inhibit the expression and transcriptional 
activation of  TNF-α and reduce the production of  in-
flammatory mediators[10-12]. Furthermore, the ointment 
containing alkannin derivatives has been applied success-
fully to the treatment of  traumatic ulcers and acute anal 
fissures[6]. Based on these characteristics, we hypothesized 
that hydroxynaphthoquinones may prevent and even cure 
IBD.

In previous research, our group isolated a mixture of  
hydroxynaphthoquinone alkannin derivatives and validat-
ed its protective effect against experimental arthritis and 
its analgesic effect, as well as its modulatory effect on the 
serum TNF-α level[13,14]. Chemical analysis identified sev-
en constituents: alkannin, acetylalkannin, β-acetoxyisoval
erylalkannin, deoxyalkannin, β,β’-dimethylacrylalkannin, 
α-methybutyrylalkannin, and isovalerylalkannin[14]. The 
objective of  this study was to investigate the potential 
therapeutic action of  this hydroxynaphthoquinone mix-
ture (HM) in the murine model of  2,4,6-trinitrobenzene 
sulfonic acid (TNBS)-induced colitis.

MATERIALS AND METHODS
Animals
Male Sprague-Dawley (SD) rats (weight, 200-220 g) were 
purchased from the Animal Department of  the College 
of  Medicine, Beijing University [certificate No. SCXK 
(Jing) 2006-0008)]. All animals were allowed to acclimate 
for at least 1 wk at a temperature of  24 ± 1 ℃ and hu-
midity of  55% ± 5%. All rats were housed in cages with 
food and tap water ad libitum. The experiment proce-
dures were approved by Office of  Experimental Animal 
Management Committee of  Shandong Province, China.

Materials and regents
HM was provided by Shandong Target Drug Research 
Co. Ltd. Mesalazine slow-release granule was the product 
of  Ethypharm Industries (France). TNBS was supplied 
by Sigma Chemical Co. (United States). Polyclonal anti-
TNF-α antibody was purchased from Santa Cruz Bio-
technology (CA, United States). Anti-β-actin antibody 
was obtained from Beyotime Institute of  Biotechnology 
(Jiangsu Province, China). Rabbit anti-goat IgG was 
purchased from Boster Biotechnology (Wuhan, Hubei 
Province, China). Myeloperoxidase (MPO) detection kit 
was purchased from Nanjing Jiancheng Bioengineering 
Institute (Nanjing, China). TNF-α ELISA Kit was the 
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product of  R and D System (United States), which was 
obtained from Shanghai Chuanxiang Biotechnology Co. 
Ltd (Shanghai, China).

Induction of colitis and study design
After a 24 h fasting, rats were anaesthetized with pento-
barbital, and then TNBS (80 mg/kg, dissolved in 50% 
ethanol) was instilled into the colon[15]. Control rats re-
ceived saline instead. Animals were orally administered 
with mesalazine 100 mg/kg and HM (2.5, 5, 10 mg/kg) 
24 h after TNBS instillation, daily for 7 d. Body weight 
and diarrhea of  rats were recorded daily. On day 8, rats 
were anaesthetized with pentobarbital. Blood was col-
lected from the abdominal aorta of  rats. The serum was 
prepared by centrifuging the blood at 3000 g for 15 min 
for TNF-α assay. The colon was removed and placed on 
an ice-cold plate, cleared of  fat and mesentery, and blot-
ted on filter paper. Then, the colon was longitudinally 
opened, washed gently with ice-cold saline and blotted 
dry with filter paper. Finally, colon tissue was weighted. 
Its length was measured and the extent of  macroscopic 
damage was evaluated. Afterwards, the colon was divided 
into several segments. One segment of  the colon (ap-
proximately 2 cm) was used for histological examination. 
The rest of  tissue segments were snap-frozen in liquid 
nitrogen and stored at -80 ℃ for MPO activity measure-
ment and Western blotting analysis.

Macroscopic damage evaluation
Macroscopic colonic damage was assessed using a mag-
nifying glass by an independent observer and was scored. 
The scale for macroscopic damage ranged from 0-10 and 
was based on the appearance of  ulceration, thickening of  
the bowel wall, sites of  ulceration and sites of  inflamma-
tion[16].

Histopathological assessment
The tissue was fixed in 10% neutral buffered formalin, 
embedded in paraffin and stained with hematoxylin and 
eosin (H and E). Colonic damage and inflammation were 
scored blindly according to the criteria described previ-
ously[17].

Determination of myeloperoxidase activity
The assessment of  MPO activity is a well established 
biochemical assay for quantifying intestinal inflamma-
tion[18]. The colonic samples (100 mg) were thawed and 
homogenized on ice in PBS buffer containing hexadecyl 
trimethyl ammonium bromide to prepare a 5% homog-
enate. The subsequent assay was performed according to 
the manufacturers’ instructions. The absorbance was read 
at 460 nm using visible spectrophotometer. MPO activity 
was determined using the O-dianisidine method and the 
final results were expressed as units per gram of  wet tis-
sue.

TNF-α assay
Serum was obtained from all groups of  rats on the final 

experimental day and then stored at -20 ℃ until analy-
sis. The supernatant was used to measure the level of  
TNF-α with a rat TNF-α ELISA kit. The procedure was 
performed according to the manufacturer’s instructions.

Immunohistochemical analysis
Paraffin-embedded colonic tissue sections (5 μmol/L) 
were fixed in 4% paraformaldehyde, deparaffinized and 
dehydrated through graded ethanol. The sections were 
washed three times with PBS for 5 min each, blotted dry-
ing, and then treated with 3% hydrogen peroxide for 30 
min at room temperature to block the endogenous per-
oxidase activity. Afterwards, the sections were immersed 
in antigen retrieval solution (citrate buffer, pH 6.0) for 10 
min. This was followed by rinsing with PBS. After block-
ing with normal goat serum for 30 min at 37 ℃, sections 
were co-incubated with a primary anti-TNF-α antibody 
(1:150 dilution in PBS) overnight and then with a perox-
idase-conjugated anti-rabbit IgG secondary antibody for 
1 h at room temperature. Thereafter, the sections were 
incubated with 3,3-diaminobenzidine (DAB) regents for 
10 min, counterstained with hematoxylin, dehydrated and 
mounted for microscopy analysis. The intensity of  im-
munoreactivity was examined with a pathological image 
analyzer and IMAGE-PRO PLUS analyzing program. 
The results were represented as mean integrated optical 
density (A) value for each sample.

Western blotting analysis
Frozen colonic tissues (60 mg) were thawed and later 
mechanically homogenized on ice. Homogenates were 
centrifuged at 10000 g for 20 min and total proteins were 
collected from the supernatant. The protein concentra-
tion was measured with a BCA protein assay kit. The 
protein was boiled in SDS sample loading buffer (Tris-
HCl pH 6.8; 10% SDS; 0.5% bromophenol blue; 50% 
glycerine; 5% β-mercaptoethanol) for 5 min. Then equal 
amounts of  protein (120 μg) were separated by 10% 
SDS-polyacrylamide gel electrophoresis (SDS-PAGE). 
After electrophoresis for 60 min, the protein was trans-
ferred onto polyvinylidene difluoride (PVDF) membrane. 
The membrane was blocked with 3% skim milk and 
saturated in Tris buffered saline with 1% Tween 20 for 1 
h at room temperature. Subsequently, the membrane was 
incubated with the primary anti-TNF-α antibody (diluted 
1:100 in TBST) overnight at 4 ℃. After that, the mem-
brane was washed three times for 5 min each and probed 
with a horseradish peroxidase-conjugated anti-rabbit IgG 
antibody (diluted 1:10000 in TBST). Protein was detected 
using an enhanced chemiluminescence (ECL) detection 
kit (Beyotime Institute of  Biotechnology), and bands 
were visualized by exposure to photographic film. Densi-
tometric analysis of  protein bands was performed using 
Quantity One v4.4.0.36 analyzer software (BIO-RAD).

Statistical analysis
Statistical analysis was performed using SPSS software 
11.5 for windows. All results are expressed as mean ± 
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HM prevents TNBS-induced histopathological change
There was no histopathological change in the colons of  
control rats. Histologic evaluation of  the colon of  TN-
BS-treated rats showed transmural inflammation involv-
ing all layers of  the bowel. The inflammatory process 
was associated with patchy ulceration, epithelial cell loss, 
pronounced depletion of  goblet cells, distortion of  the 
tubular glands, numerous inflammatory cell infiltrations, 
and dilated crypts. When rats were administered with 
HM, these histologic signs were much improved, with 
significant reduction of  inflammatory infiltration and ul-
cer size. The transmural involvement of  the lesions was 
reduced, and the goblet cell depletion was less severe 
(Figure 3).

HM reduces MPO activity in rats with TNBS-induced 
colitis
Myeloperoxidase in the intestine is a well-known enzyme 
that is directly correlated with the degree of  neutrophil 
infiltration[18]. As shown in Figure 4A, MPO activity was 
markedly increased in colonic tissue following TNBS 
instillation compared to controls (P < 0.01, 2.29 ± 0.78 
U/g vs 0.65 ± 0.11 U/g tissue). After treatment with HM, 

SD. Comparisons between groups of  nonparametric data 
were made with the Kruskal-Wallis test followed by the 
Mann-Whitney U test. For evaluation of  the body weight 
and TNF-α level, one-way ANOVA followed by Tukey’s 
post hoc test was used. P < 0.05 was considered significant.

RESULTS
HM improves clinical symptoms in rats with TNBS-
induced colitis
After intracolonic instillation of  TNBS, animals devel-
oped colitis associated with soft stool and diarrhea. All 
TNBS-treated rats had profound weight loss compared 
with the weight gain seen in controls (all P < 0.01). Rats 
treated with HM and mesalazine gradually recovered the 
lost body weight beginning on day 3, accompanied by im-
proving symptoms (Figure 1).

HM reduces colonic macroscopic damage in rats with 
TNBS-induced colitis
Control animals showed no colonic damage and the co-
lonic damage score was zero. Rats in the TNBS group 
displayed hyperemia, thickening of  the bowel, necrosis, 
inflammation, and a large area of  ulceration. Moreover, 
moderate to severe adhesion of  the colon to the sur-
rounding organs was also observed. The macroscopic co-
lon damage score was significantly increased. The severity 
of  colonic destruction was markedly ameliorated after 
oral administration of  HM and mesalazine, with reduced 
area of  inflammation and ulcer (Figure 2).
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Figure 1  Treatment with hydroxynaphthoquinone mixture ameliorates 
body weight loss of 2,4,6-trinitrobenzene sulfonic acid-induced rats. Coli-
tis was induced by intracolonic administration of TNBS (80 mg/kg, dissolved in 
50% ethanol). Rats were treated daily for 7 d with HM (2.5, 5, 10 mg/kg) and 
mesalazine 100 mg/kg 24 h after TNBS instillation. Disease progression was 
monitored by observation of clinical signs and body weight change. Data are 
represented as mean ± SD of 8 animals of each group. bP < 0.01 vs TNBS 
alone. HM: Hydroxynaphthoquinone mixture; TNBS: 2,4,6-trinitrobenzene sul-
fonic acid. 
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Figure 2  Hydroxynaphthoquinone mixture reduces colonic macroscopic 
damage in rats with 2,4,6-trinitrobenzene sulfonic acid-induced colitis. A: 
Intestinal macroscopic changes; B: Macroscopic pathological scores. Colitis 
was induced by intracolonic administration of TNBS (80 mg/kg, dissolved in 
50% ethanol). Rats were treated daily for 7 d with HM (2.5, 5, 10 mg/kg) and 
mesalazine 100 mg/kg 24 h after TNBS instillation. 1: Control; 2: Rat treated 
with TNBS alone; 3: Rat treated with TNBS and mesalazine; 4-6: Rats treated 
with TNBS and HM (2.5, 5, 10 mg/kg). Data are represented as mean ± SD of 
8 animals of each group. bP < 0.01 vs control; cP < 0.05 vs TNBS alone. HM: 
Hydroxynaphthoquinone mixture; TNBS: 2,4,6-trinitrobenzene sulfonic acid.
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Figure 3  Hydroxynaphthoquinone mixture prevents 2,4,6-trinitrobenzene sulfonic acid-induced histopathological changes. A: Intestinal histopathological 
features; B: Pathological scores of representative colonic samples of each group. Colitis was induced by intracolonic administration of TNBS (80 mg/kg, dissolved in 
50% ethanol). Rats were treated daily for 7 d with HM (2.5, 5, 10 mg/kg) and mesalazine 100 mg/kg 24 h after TNBS instillation. Histopathological analysis was per-
formed in HE-stained sections of colons. 1: Control; 2: Rat treated with TNBS alone; 3: Rat treated with TNBS and mesalazine; 4-6: Rats treated with TNBS and HM (2.5, 
5, 10 mg/kg). Data are represented as mean ± SD of 5 animals of each group. bP < 0.01 vs control; cP < 0.05, dP < 0.01 vs TNBS alone. HM: Hydroxynaphthoquinone 
mixture (original magnification, × 100); TNBS: 2,4,6-trinitrobenzene sulfonic acid. 
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MPO activity were reduced to be 1.49 ± 0.66, 1.02 ± 0.24 
and 0.86 ± 0.13 U/g tissue for HM 2.5, 5 and 10 mg/kg, 
respectively. The effect was significant at doses of  5 and 
10 mg/kg. This indicated that treatment with HM attenu-
ated the degree of  inflammation response. The similar 
efficacy for mesalazine was also observed.

HM decreases serum TNF-α level in rats with TNBS-
induced colitis
As depicted in Figure 4B, serum TNF-α level was obvi-
ously higher in TNBS-treated rats compared with that in 
controls. In contrast, pretreatment with HM and mesala-
zine prevented the increase in TNF-α level. The mean 
serum TNF-α levels were determined to be 71.90 ± 6.33 
ng/L for the control group, 109.05 ± 14.30 ng/L for 
the TNBS group, 76.16 ± 4.64 ng/L for the mesalazine 
group, 93.00 ± 15.24 ng/L for the HM 2.5 mg/kg group, 
86.96 ± 15.26 ng/L for the HM 5 mg/kg group and 
78.72 ± 13.94 ng/L for the HM 10 mg/kg group.

HM attenuates immunostaining for TNF-α in rats with 
TNBS-induced colitis
Representative samples of  each group were immunohis-
tochemically stained for the expression of  TNF-α. As 
shown in Figure 5A1, colonic section obtained from the 
control group showed negative staining. TNBS-treated 
rats showed strongly positive staining for TNF-α. Posi-
tively stained cells appeared in the mucosal and submu-
cosal inflammatory cells (Figure 5A2 and B). Administra-
tion of  HM attenuated the degree of  TNF-α staining 
in the colon tissue. Significantly less positive cells were 
observed in tissues from HM 5 mg/kg- and 10 mg/kg-
treated rats than in those from TNBS-treated rats (Figure 
5A4, A5 and Figure 5B). 

HM decreases TNF-α expression in colonic tissue of 
rats with TNBS-induced colitis
As shown in Figure 6, higher TNF-α expression was ob-

served after TNBS instillation as compared with controls. 
HM treatment reduced the expression of  TNF-α in a 
dose-dependent manner.

DISCUSSION
Many plant-derived extracts or chemicals have phar-
macological effects and clinical benefits, which provide 
a great potential in improving the symptoms of  IBD. 
The published literature has revealed that several natu-
ral products exhibit encouraging anti-IBD activity by 
inhibition of  cytokine production, such as flavonoids or 
polyphenolic compounds[19]. TNBS-induced colitis is a 
Th1 cell-mediated inflammatory disease, associated with 
excessive secretion of  cytokines as a consequence of  
exaggerated macrophage and neutrophil infiltration and 
activation, giving rise to transmurally inflamed intestinal 
mucosa, which displays clinical, biochemical, and patho-
logical similarities to human CD. It is a commonly used 
experimental model system to test potential therapeutic 
agents[20]. Thus, the present study was performed to in-
vestigate the potential effect of  HM on CD using TNBS-
induced colitis. 

The results obtained from the study demonstrate for 
the first time the efficacy of  HM in intestinal inflamma-
tion, confirming the hypothesis mentioned in the intro-
duction section that hydroxynaphthoquinones possess 
the ability to attenuate symptoms of  IBD. Administration 
of  HM at the onset of  the disease ameliorated the clinical 
severity of  the wasting disease, abrogating body weight 
loss, diarrhea, inflammation and the area of  ulceration. 
This beneficial effect was further evidenced by histologi-
cal evaluation, with a marked reduction in the extent 
and severity of  inflamed tissue damage and infiltration 
of  inflammatory cells. The beneficial effect was also es-
tablished by a decrease in MPO activity. As mentioned 
above, MPO is a marker of  neutrophil infiltration. It has 
been reported that MPO activity is increased in several 
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experimental colitis models, including TNBS-induced 
colitis[18], and it is widely used to quantify intestinal in-
flammation and assess the degree of  inflammation. Thus, 
a reduction of  MPO activity can be interpreted as a 
manifestation of  the anti-inflammatory effect of  a given 
compound[18,21,22]. Inhibition of  MPO activity by HM 
was consistent with the results observed in the histologi-
cal examination, in which the level of  inflammatory cell 
infiltration in colonic tissues was lower in HM-treated 
animals than in TNBS-treated rats.

Mesalazine was used as a reference in this study. Sever-
al reports suggest that mesalazine acts locally in the colon. 
After intragastric administration of  mesalazine, it is ab-
sorbed from intestinal lumen and concentrates in the mu-
cosa. The effectiveness of  the drug directly depends on 
its mucosal concentration[23,24]. In the present experiment, 
oral administration with mesalazine 100 mg/kg resulted in 
a significant improvement in intestinal lesions, which was 
consistent with previous findings[24,25]. The effect of  HM 
10 mg/kg was comparable to that of  mesalazine.

The anti-inflammatory effect and protection against 
tissue injury exerted by HM was further confirmed by the 

down-regulation of  TNF-α in serum and colonic tissue. 
TNF-α is an important inflammatory mediator and plays 
a key role in the colonic damage. Among the various 
cytokines involved in the pathogenesis of  TNBS colitis, 
TNF-α appears to be a key regulator since it has been 
reported that TNBS-induced colitis could not be induced 
in TNF-α-deficient mice and is far more severe in mice 
that over-express this inflammatory cytokine[26]. Differ-
ent agents interfering with TNF-α signaling have been 
successful in the treatment of  subsets of  CD patients, 
and display favourable therapeutical effect, particularly 
TNF-α blockers[27]. Moreover, the majority of  previous 
preclinical studies and current therapeutic approaches[27-29] 
have confirmed the idea that therapy that can address an 
essential element of  a final common pathologic pathway 
participating in IBD could potentially treat this disease[30]. 
Therefore, we assessed the impact of  HM on TNF-α 
signaling and explored the underlying mechanism. The 
results obtained from the present study showed that HM 
significantly lowered TNF-α level in serum and reduced 
TNF-α expression in colonic tissue. This indicates that 
the preventive effect of  HM against TNBS-induced co-
lonic injury is directly or indirectly related to its TNF-α 
inhibition. However, given that many other signaling 
pathways and transcription factors are involved in the 
regulation of  TNF-α activity, additional research is need-
ed to examine the exact mechanisms of  action of  HM.

In summary, the present study demonstrates that treat-
ment with HM attenuates the clinical symptoms of  
TNBS-induced colitis, resulting in significant histological 
improvement, reduced MPO activity and TNF-α level in 
serum, and down-regulation of  TNF-α expression in co-
lonic tissue. The underlying mechanism of  action of  HM 
may be associated with TNF-α inhibition. These results 
provide supporting evidence for the clinical application of  
HM.

COMMENTS
Background
The incidence and prevalence of inflammatory bowel disease (IBD) are increas-
ing at a disturbing rate worldwide, and now it has become a global disease. 
Current therapies for IBD are limited by lack of effectiveness, drug refractori-
ness or severe adverse effects. Therefore, there is an urgent need for more 
effective and safe therapeutic approaches.
Research frontiers
Looking for novel agents from herbal or natural products has been a research 
focus for a long time. Many plant-derived extracts or chemicals have pharma-
cological effects and clinical benefits. The published literature has revealed 
that several natural products exhibit encouraging anti-IBD activity by inhibition 
of cytokine production, such as flavonoids or polyphenolic compounds. Hy-
droxynaphthoquinones have been identified as the main active ingredients of 
Zicao, a traditional Chinese herbal medicine, and possess potent anti-inflamma-
tory, wound healing and antibacterial activities. Yet no studies have evaluated 
the therapeutical effect of hydroxynaphthoquinones on treating inflammatory 
intestinal diseases so far. In this study, the authors isolate a hydroxynaphtho-
quinone mixture (HM) from Zicao, which mainly contains seven alkannin deriva-
tives, and demonstrate that HM showed beneficial effect on TNBS-induced 
colitis.
Innovations and breakthroughs
This is the first study to report that hydroxynaphthoquinones exert therapeutical 
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effect on mucosal inflammation by modulating tumor necrosis factor-α, and the 
effect of hydroxynaphthoquinones is comparable to that of mesalazine, a classi-
cal anti-IBD drug.
Applications
Elucidation of the effect and mechanism of action of hydroxynaphthoquinone 
mixture (HM) in the treatment of inflammatory intestinal disease provides phar-
macological evidence for its further development as a candidate for treating 
IBD, and for its clinical application.
Peer review
This study describes the beneficial effects of HM from Arnebia euchroma in an 
experimental model of colitis in rats. It revealed that HM significantly attenuated 
the severity of mucosal lesions. The authors have made a complex and inter-
esting study.
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Abstract
AIM: To study the potential association between he-
patocellular carcinoma (HCC) in patients with chronic 
hepatitis C (CHC), cirrhosis and latent hepatitis B 
(LHB) infection, defined as the absence of detect-
able serum hepatitis B surface antigen (HBsAg) and 
the presence of hepatitis B core antibody (HBcAb).

METHODS: This retrospective analysis is comprised 
of 185 cirrhotic patients with HCC who were hepa-
titis C virus antibody (HCV Ab) (+) and HBsAg(-) at 
Wayne State University between 1999 and 2008. 
From these, 108 patients had HCV polymerase chain 
reaction confirmation of viremia while the remaining 
(77) were considered to have CHC on the basis of a 
positive HCV Ab and the absence of any other cause 
of liver disease. Controls were drawn from our insti-
tutional database from the same time period and con-
sisted of 356 HBsAg(-) age, race and gender matched 
patients with HCV RNA-confirmed CHC and without 
evidence of HCC. A subgroup of controls included 118 
matched patients with liver cirrhosis. χ 2 test and t  
test were used for data analysis.

RESULTS: Seventy-seven percent of patients in all 
3 groups were African Americans. Patients with HCC 

had a significantly higher body mass index (P  = 0.03), 
a higher rate of co-infection with human immunodefi-
ciency virus (HIV) (P  = 0.05) and a higher prevalence 
of alcohol abuse (P  = 0.03) than the controls. More 
patients with HCC had LHB than controls (78% vs  
39%, P  = 0.01). Sixty three percent of patients with 
HCC were both hepatitis B surface antigen (HBsAb)(-) 
and HBcAb(+) compared to 23% of controls (P  < 0.01). 
When compared to cirrhotic controls, the frequency of 
HBcAb(+) remained higher in patients with HCC (78% 
vs  45%, P  = 0.02). Patients with HCC were more 
likely to be both HBsAb(-) and HBcAb(+) than the 
cirrhotic controls (63% vs  28%, P  = 0.01). Although 
not statistically significant, 100% of CHC and HIV co-
infected patients with HCC (n  = 11) were HBcAb(+) 
when compared to controls (44%; n  = 9).

CONCLUSION: These data suggest that LHB occurs 
at a significantly increased frequency in patients with 
CHC and HCC than in patients with CHC without HCC. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Latent hepatitis B (LHB) has recently received 
significant attention among researchers and clinicians 
managing chronic liver disease. It is defined as a com-
bination of hepatitis B surface antigen negative and 
hepatitis B core antibody positive. The potential as-
sociation of LHB with hepatocellular carcinoma among 
patients with chronic hepatitis C infection has been 
studied and reported in this manuscript.
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INTRODUCTION
Emerging data suggest that the mortality rate in cirrhotic 
patients with hepatocellular carcinoma (HCC) is rising 
whereas the mortality rate from other complications of  
cirrhosis is either stable or declining[1]. In the United 
States, chronic hepatitis C (CHC) accounts for the major-
ity of  cases of  HCC. Among patients with CHC, factors 
such as older age, male gender, severity of  liver disease, 
metabolic syndrome and poor response to interferon 
therapy are established risk factors for hepatocarcinogen-
esis[1]. “Latent hepatitis B (LHB)”, defined as the pres-
ence of  detectable hepatitis B core antibody (HBcAb) 
with undetectable hepatitis B surface antigen (HBsAg)(-) 
in serum and usually with detectable HBV DNA in he-
patocytes, has not been studied as a risk factor for HCC 
in the United States[2]. Patients with previous exposure to 
hepatitis B virus but with no evidence of  chronic infec-
tion are HBsAg(-) and HBcAb(+). This finding alone is 
now considered as unrecognized LHB[3]. In a large study, 
the majority of  patients with LHB had detectable hepa-
titis B DNA (HBV DNA) in serum as well as in liver tis-
sue[4]. Various other studies have also confirmed the same 
findings[5,6]. This led to the identification of  a unique 
group of  patients who are HBcAb(+) and at risk for la-
tent hepatitis B.

Early studies from the 1990s suggested that patients 
with HCC in the absence of  chronic hepatitis B and C 
had detectable covalent closed circular hepatitis B DNA 
(ccc DNA) in liver parenchyma although they were 
HBsAg(-) in serum. These patients were considered to 
have “occult hepatitis B”[7]. A single prospective study by 
Squadrito et al[8] revealed that among HBsAg(-) patients 
with CHC, patients with occult hepatitis B with ccc DNA 
in liver biopsy specimens were at a higher risk for the de-
velopment of  HCC. With the availability of  highly sensi-
tive real-time polymerase chain reaction (PCR) assays for 
the measurement of  HBV DNA, tissue analysis for HBV 
DNA is largely unnecessary to make a diagnosis of  latent 
hepatitis B[2]. Patients with cirrhosis from alcoholic and 
non-alcoholic fatty liver disease are also at a significantly 
higher risk for developing HCC when associated with 
LHB particularly in those who were HBcAb(+) but HB-
sAg(-)[9]. Injection drug users, patients on hemodialysis, 
patients with CHC and human immunodeficiency virus 
(HIV)-infected patients are at increased risk for LHB[10]. 
In patients with CHC, occult hepatitis B seems to be as-
sociated with rapid progression of  liver disease[11]. Studies 
from areas with high prevalence of  chronic hepatitis B 
have associated occult hepatitis B with HCC among pa-
tients with CHC[12,13]. This association is much stronger 
among CHC patients who are non-responders to cur-
rently available therapy[14]. Another study reported that 
although occult hepatitis B may not have a significant im-
pact on response of  CHC to interferon, it does increase 

the risk for HCC among non-responders but not among 
responders[15].

A large multicenter Japanese study concluded that 
CHC patients with LHB are at a significantly higher risk 
for developing HCC[16]. In the same study, interferon was 
less effective in preventing HCC in patients with LHB 
when compared to those without evidence of  previous 
HBV exposure. This association was independent of  the 
presence of  HBV DNA in serum and therefore, LHB 
is clinically and prognostically more relevant than serum 
DNA status.

The above referenced studies establishing LHB as a 
risk factor for development of  HCC are from countries 
with high endemicity for chronic hepatitis B infection. 
We studied this potential association among predomi-
nantly African American patients with CHC and cirrhosis 
in an area with low endemicity for chronic hepatitis B.

MATERIALS AND METHODS
This retrospective study, included patients with CHC 
who were diagnosed with HCC between January 1999 
and December 2008 at the Detroit Medical Center, De-
troit, Michigan. The primary sites were the Wayne State 
University Gastroenterology clinic and the Department 
of  Pathology at Harper University Hospital in Detroit. 
Patients with a diagnosis of  HCC who were > 18 years 
old, hepatitis C Ab(+) and HBsAg(-) were included in 
our study. The diagnosis of  HCC was made either by 
histopathology or by non-invasive criteria i.e., alpha feto-
protein (AFP) > 200 ng/mL and a mass lesion in the 
liver with radiological features typical for HCC observed 
on two or more imaging modalities (European Associa-
tion for the Study of  the Liver, EASL criteria)[17]. The 
study group consisted of  both inpatients and outpatients 
although the majority were outpatients.

A control comparison group consisted of  patients 
with CHC who were HBsAg(-) without evidence of  
HCC. These patients were drawn from our institutional 
database of  CHC patients. They were age, race and gen-
der matched to the cases and were from the same time 
period. Patients with HIV and CHC coinfection were 
included in the study and were part of  a subset analysis. 
The study was approved by the Institutional Review 
Board at Wayne State University and the Detroit Medical 
Center.

A total of  185 patients fulfilled the selection criteria 
and were evaluated for inclusion in the study. Of  these, 
108 had serum RNA confirmation of  CHC by PCR, 
while CHC viremia was presumed in the remaining 77. A 
total of  356 matched (1:2) non-HCC controls with CHC 
were selected from our database. All controls had PCR 
confirmation of  CHC, were HBsAg(-) and were selected 
from the same time period. Non HCC controls included 
118 matched patients with cirrhosis diagnosed by histo-
pathology or by clinical criteria. Since the majority of  pa-
tients with CHC who develop HCC have underlying ad-
vanced liver disease[10], a selected sub-group of  matched 
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controls with cirrhosis and CHC was utilized in the anal-
ysis (Figure 1). In addition to demographic data, alcohol 
intake was assessed by chart review. Patients were classi-
fied into three categories based on alcohol consumption. 
Those who consumed 1 to 2 servings of  liquor or wine 
a week or ≤ 6 beers (12 oz) a week were categorized as 
“mild drinkers”. Patients with alcohol consumption that 
exceeded this amount were considered “heavy drinkers”. 
The third group was designated as “non drinkers”. Lab 
values closest to the date of  the diagnosis of  HCC were 
collected. In controls, lab values at the time of  their ini-
tial evaluation were recorded.

Statistical analysis
Data was analyzed using SPSS version 12. χ 2 test was 
used to analyze nominal data while t test was used to 
compare means among groups. Univariate analysis was 
then performed after controlling for covariates in the 
final analysis. Among cases, baseline characteristics were 
compared in patients with PCR confirmation of  CHC 
and in those without PCR confirmation (Table 1). Since 
these groups were identical in baseline characteristics, 
they were combined for subsequent analysis. Additional-
ly, subset analysis of  African-American patients, patients 
with PCR confirmation of  CHC, and cirrhotic patients 
was performed.

RESULTS
The mean age of  patients with HCC was 60 years, and 

71% were male (Table 2). More than seventy five percent 
of  patients in each group were African-American. HCC 
was diagnosed by biopsy in 129 patients and by non-
invasive (EASL) criteria in the remainder. Patients with 
HCC had a significantly higher body mass index (BMI), 
AFP, aspartate aminotransferase, alanine aminotransfer-
ase and a more prolonged prothrombin time (PT), but 
they had a lower albumin and platelet count. HIV-HCV 
coinfection was seen more commonly in patients with 
HCC (8.1%) than in controls (2.5%, P = 0.05). While 
mild alcohol consumption was not different in both 
groups, patients with HCC were more likely to be heavy 
drinkers (42% vs 27%; Table 2). Furthermore, HCV pa-
tients without HCC were more likely to be non-drinkers 
(32%) compared to patients with HCC (11%, P < 0.01; 
Table 2).

HBcAb was positive in 78% of  patients with HCC 
but in only 40% of  controls (P = 0.01). When hepatitis B 
surface antibody (HBsAb) status was determined, 63% of  
HCC cases were both HBsAb(-) and HBcAb(+) as com-
pared to only 23% of  controls (P < 0.01). When analysis 
was restricted to patients with cirrhosis, the prevalence 
of  HBcAb was higher in cirrhotic controls at 42%, and 
the combination of  HBsAb(-) and HBcAb(+) was also 
more prevalent when compared to total controls (27.6% 
vs 63.1%, P < 0.01). Despite this difference in prevalence 
of  HBsAb and HBcAb among control groups, overall 
prevalence remained significantly higher in patients with 
HCC (63.1% vs 22.8%). Although statistical significance 
was not achieved, 100% of  HIV-HCV coinfected patients 
with HCC (44.4%) were HBcAb(+) when compared to < 
50% among coinfected controls.

Univariate analysis predicting HCC showed that HB-
cAb(+) status had an odds ratio of  1.9 (95%CI: 1.28-3.04, 
P = 0.02) where as a combination of  HBsAb(-) and HB-
cAb(+) had a higher odds ratio of  3.24 (95%CI: 2.28-4.62, 
P < 0.01). In this analysis, BMI, albumin, PT, alcohol 
consumption and HIV coinfection were identified covari-
ates. When regression analysis was performed after con-
trolling for these covariates, these odds ratios were 1.84 
(95%CI: 1.22-3.08, P = 0.01) and 2.98 (95%CI: 2.12-5.08, 
P < 0.01) respectively. Analysis of  cirrhotic patients when 
controlled for covariates showed that HBcAb(+) had an 
odds ratio of  1.66 and a combination of  HBsAb(-) and 
HBcAb(+) was at 2.10 (95%CI: 2.12-4.04, P < 0.01). 
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n  = 185

All cases 
n  = 185

PCR confirme D cases
n  = 108

 Controls 
n  = 356

HBcAb(+)
77.8% (95/122)

Figure 1  Hepatitis B serology in cases and controls. HBcAb: Hepatitis B core antibody; HBsAb: Hepatitis B surface antigen; PCR: Polymerase chain reaction. 

Table 1  Baseline characteristics of hepatocellular carcinoma 
cases

HCV Ab(+), 
HCV RNA(+) 

(n  = 108)

HCV Ab(+) 
(n  = 77)

P  value

Age (yr), mean ± SD 60.88 ± 8.6 59.42 ± 7.4 0.88
Males 73.10% 67.53% 0.32
African American 75.90% 72.70% 0.22

n = 70 n = 52 0.20
BMI (kg/m2) 29.56 ± 6.11 27.88 ± 5.2
HIV coinfection 10.20% 7.60% 0.16
Heavy alcohol use 37.03% 48.05% 0.04

HCV Ab: Hepatitis C virus antibody; HCV DNA: Hepatitis C DNA; BMI: 
Body mass index; HIV: Human immunodeficiency virus. 
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for diagnosis of  HCC were proposed[17]. One could argue 
that lack of  RNA confirmation of  CHC viremia in 40% 
of  our cases detracts from our conclusions. However, 
patients with or without RNA confirmation of  HCV 
viremia had similar baseline characteristics and no other 
etiology for their liver disease, and were therefore ap-
propriately grouped together. Alcohol consumption is a 
well established risk factor for HCC among patients with 
chronic liver disease. In the present study, details pertain-
ing to alcohol consumption were not available in some 
patients despite extensive review of  both inpatient and 
outpatient medical records. Every effort was made to 
classify patients based on alcohol consumption when in-
formation was available. Controls, who were drawn from 
a prospectively maintained institutional database were 
more likely to have reliable information regarding alcohol 
intake. Nevertheless, in concurrence with previous litera-
ture, our results suggest that BMI and alcohol consump-
tion play an important role in the progression to HCC in 
cirrhotics with CHC.

Although the majority of  patients with HCC were 
drawn from an outpatient setting, some were hospitalized 
and likely sicker. Controls were selected from a predomi-
nantly outpatient database. This may account for the 
significantly higher AFP and transaminases in the CHC 
patients with HCC. Although PCR measurement of  se-
rum HBV DNA assessment was not accomplished in our 
patients, we do not consider this as a significant limita-
tion. In previous studies, HBcAb had a stronger associa-
tion with HCC than serum HBV DNA among patients 
with CHC[5,6]. Latent hepatitis B, defined as a previous 
exposure to hepatitis B [HBcAb(+) and HBsAg(-)] is a 
clinically more relevant tool for predicting risk for HCC 
than is the assessment of  HBV DNA in serum or liver 
tissue.

Another limitation to the study is that the frequency 

Subset analysis of  African-American patients with cir-
rhosis when controlled for covariates resulted in an odds 
ratio of  2.08 (95%CI: 1.42-3.60, P < 0.01) when HBcAb 
was positive and 2.58 (95%CI: 1.82-4.44, P < 0.01) when 
HBsAb was negative in addition to a positive HBcAb.

DISCUSSION
In this study, HCC and advanced liver disease, shown by 
higher transaminases, lower albumin and platelet count 
and prolonged prothrombin time were associated with 
increased frequency of  HBcAb(+) among patients with 
CHC. Previous studies have also noted an increased as-
sociation of  HBcAb(+) with advanced liver disease and 
HCC[1,11,12,14,16,18]. However, these data, as well as a pro-
spective study[16], originated from regions of  relatively 
high prevalence for both chronic hepatitis B and HCC. 
Our study presents findings from an area of  relatively 
low endemicity in a population comprised predominantly 
of  urban African-Americans, yet the prevalence of  HB-
cAb(+) was even higher in our study (74%) than previ-
ously reported[11,14]. Multivariate analysis restricted to this 
group of  patients revealed a much stronger association 
of  LHB with HCC (Table 3). Our study included a total 
of  418 African-American patients and is by far the largest 
analysis studying this association in a select group.

Certain potential limitations to our study need further 
discussion. A majority of  patients with HCC (66%) were 
diagnosed by histopathology. This is largely due to inclu-
sion of  patients before the EASL non-invasive criteria 

Table 2  Comparison of variables in cases and controls

CHC with HCC 
(n  = 185)

CHC without HCC 
(n  = 356)

P  value

Age (yr), mean ± SD 60.3 ± 9.71 59.72 ± 9.2
Males 70.80% 71.10%
Race AA 74.60% 78.70%
CAU 21.60% 18.50%
Other   3.80%   2.80%
BMI (kg/m2) n = 122 n = 320

   28.8 ± 6.01 27.26 ± 5.9
Albumin n = 178 n = 289

2.67 ± 0.7   3.88 ± 0.6 < 0.01
PT (s) n = 171 n = 242

16.69 ± 8.6 11.57 ± 2.5 < 0.01
AFP (ng/mL) n = 163 n = 284

    99035.1 ± 263605.5   21.12 ± 90.4
Platelets n = 172 n = 337

176.5 ± 127 202.98 ± 83.4    0.04
ALT (IU/L) n = 166 n = 345

  263.8 ± 518.2   78.19 ± 58.3 < 0.01
AST (IU/L) n = 160 n = 324

283.8 ± 63.5     75.2 ± 55.9 < 0.01
HIV co-infection 8.10% 2.50%    0.05
Alcohol 
   Mild   29.7% 27.50% NS
   Heavy   41.60%      27%    0.03
   Non drinkers 10.80% 31.70% < 0.01

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; HIV: 
Human immunodeficiency virus; BMI: Body mass index; PT: Prothrombin 
time; AFP: Alpha feto-protein; NS: Not significant.

Table 3  Univariate analysis predicting the following

OR (95%CI) P  value

HCC in patients with CHC
   HBcAb(+) 1.90 (1.28-3.04)    0.02
   HBsAb(-) and HBcAb(+) 3.24 (2.28-4.62) < 0.01
HCC in cirrhotic patients with CHC
   HBcAb(+) 1.54 (1.18-2.54)    0.02
   HBsAb(-) and HBcAb(+) 2.14 (1.68-3.82)    0.01
HCC in patients with CHC when controlled for covariates1

   HBcAb(+) 1.84 (1.22-3.08)    0.01
   HBsAb(-) and HBcAb(+) 2.98 (2.12-5.08) < 0.01
HCC in cirrhotic patients with CHC when controlled for covariates1

   HBcAb(+) 1.66 (1.22-3.24)    0.01
   HBsAb(-) and HBcAb(+) 2.10 (1.72-4.04) < 0.01
HCC in cirrhotic African American patients with CHC when controlled 
for covariates1

   HBcAb(+) 2.08 (1.42-3.6) < 0.01
   HBsAb(-) and HBcAb(+)   2.58 (1.82-4.44) < 0.01

1Body mass index, albumin, prothrombin time, human immunodeficiency 
virus co-infection and alcohol consumption. HCC: Hepatocellular 
carcinoma; CHC: Chronic hepatitis C; HBcAb: Hepatitis B surface 
antibody; HBcAb: Hepatitis B core antibody.
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of  smoking, injection drug use and diabetes was not ana-
lyzed. Patients with HIV-HCV co-infection have rapid 
progression of  liver disease and development of  HCC. 
Liver disease is the leading cause of  mortality in these 
patients[19-21]. Of  20 patients with HIV-HCV coinfection, 
11 patients had HCC and all 11 were HBcAb(+) com-
pared to 40% among coinfected controls. Although this 
difference did not achieve statistical significance, due to 
low numbers, this raises the intriguing observation that 
HIV-HCV coinfected patients with HCC may have an 
increased frequency of  LHB.

Our study is consistent with previous studies from ar-
eas with high prevalence of  hepatitis B that suggests that 
LHB increases the risk for HCC. Furthermore, patients 
sero-negative for HBsAb are at even higher risk, which 
may suggest longer time since acquisition of  HBV. Our 
data also suggest that African-Americans have a greater 
risk of  HCC when associated with LHB. There is addi-
tional data from our institution (preliminary) to support 
the observation that patients with CHC and LHB are 
more likely to have advanced liver disease and respond 
poorly to Interferon-based therapies. The current study 
takes this concept further by associating LHB with HCC.

In conclusion, LHB occurs at a significantly increased 
frequency in patients with CHC and HCC than in pa-
tients with CHC without HCC. This association is even 
stronger in African Americans. It is important to recog-
nize this risk during surveillance for HCC in these pa-
tients.
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Abstract
AIM: To investigate the expression and clinical rel-
evance of inhibitor of differentiation (ID) proteins in 
biliary tract cancer.

METHODS: ID protein expression was analyzed in 
129 samples from patients with advanced biliary tract 
cancer (BTC) (45 extrahepatic, 50 intrahepatic, and 34 

gallbladder cancers), compared to normal controls and 
correlated with clinical an pathological parameters. 

RESULTS: ID1-3 proteins are frequently overexpressed 
in all BTC subtypes analyzed. No correlation between in-
creased ID protein expression and tumor grading, tumor 
subtype or treatment response was detected. Survival 
was influenced primary tumor localization (extrahepatic 
vs  intrahepatic and gall bladder cancer, OS 1.5 years 
vs  0.9 years vs  0.7 years, P  = 0.002), by stage at diag-
nosis (OS 2.7 years in stage Ⅰ vs  0.6 years in stage Ⅳ, 
P  < 0.001), resection status and response to systemic 
chemotherapy. In a multivariate model, ID protein ex-
pression did not correlate with clinical prognosis. Never-
theless, there was a trend of shorter OS in patients with 
loss of cytoplasmic ID4 protein expression (P  = 0.076).

CONCLUSION: ID protein expression is frequently de-
regulated in BTC but does not influence clinical progno-
sis. Their usefulness as prognostic biomarkers in BTC is 
very limited.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Cholangiocarcinoma present as heteroge-
neous tumors with generally poor prognosis. Molecular 
changes that drive tumor development are poorly un-
derstood, and no valid prognostic markers other than 
stage and performance status have been identified. 
Here we analyzed the protein expression of the four 
inhibitor of differentiation (ID)-proteins by immunohis-
tochemistry in 129 patients with advanced biliary tract 
cancer, which showed a deregulated ID protein expres-
sion in cancer cells and this protein expression partly 
correlated with the overall survival of patients. There-
fore the ID-proteins maybe useful prognostic markers.
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INTRODUCTION
Cholangiocarcinomas/biliary tract cancers (BTC) form a 
heterogeneous group of  tumors consisting of  intrahepat-
ic mass forming type biliary tract cancer (IHC), perihilar 
Klatskin tumors, extrahepatic BTC (EHC), and gallblad-
der cancer (GBC)[1,2]. More than 50% of  tumors are di-
agnosed at an advanced stage. Prognosis is dismal with a 
mean overall survival of  7 to 8 mo. Although expression 
of  oncogenes such as K-ras, c-myc, c-neu, c-met, and bcl-2, or 
inactivation of  tumor suppressor genes like p53 in BTC 
has been described[3,4], the pathogenesis and molecular bi-
ology of  this tumor entity is poorly understood. A recent 
analysis of  liver-fluke associated biliary tract cancer on 
eight tumors and matched normal tissue identified muta-
tions in three signaling pathways, namely histone modi-
fication, G protein activation, and genomic instability[5]. 
Validation of  15 of  the identified 187 mutated genes 
in another 46 cases of  BTC confirmed the role of  p53, 
K-ras, and SMAD-4, and identified additional mutations 
in genes not prior associated to BTC[5]. 

The inhibitor of  DNA-binding (ID) proteins, ID1-4, 
are members of  the larger family of  basic Helix-Loop-
Helix (bHLH) transcription factors, which share a basic 
domain necessary for DNA-binding[6]. ID proteins lack 
this DNA-binding domain and inhibit transcription of  
target genes such as p21CIP1/WAF1, p16INK4B, and pRb by 
forming DNA-binding incompetent heterodimers with 
other bHLH factors. Various cellular processes are regu-
lated by individual ID-proteins: Inhibition of  cellular dif-
ferentiation by interference with differentiation-specific 
bHLH and non-bHLH transcription factors[7], extension 
of  cellular life span[8-10], regulation of  angiogenesis[11] 
and maintenance of  embryonic and adult stem cells[12], 
and chromosomal instability[13,14]. ID expression is de-
regulated in many tumors including pancreatic cancer[6] a 
malignancy somehow related to BTC. In some cases ID-
expression is associated with poor clinical prognosis[15]. 
Until now, no data on ID protein expression in biliary 
tract cancer is available, although methylation of  the ID4 
promoter has been reported in some instances[16]. 

To investigate the role of  ID proteins in BTC we 
analyzed the expression of  ID proteins 1-4 in tumor 
specimen from 129 patients with advanced BTC and in 9 
normal controls by immunohistochemistry (IHC).

MATERIALS AND METHODS
Archival tumor samples and controls
The institutional database of  the University Medical Cen-

ter Freiburg, Germany, was retrospectively searched for 
patients presenting with advanced BTC between 1996 
and 2007. Archival hematoxylin and eosin (HE) stained 
slides from routinely processed paraffin-embedded 
samples collected at time of  the initial diagnosis were re-
viewed to verify the diagnosis and to choose representa-
tive blocks for further evaluation. Control tissue samples 
included normal liver with normal biliary structures ob-
tained from 9 male autopsy cases that had died without 
any evidence of  liver or cardiac disease. Samples from 
tonsils, lymph nodes and colon mucosa were used as pos-
itive controls. The study was in accordance with the ethi-
cal standards set by the institutional ethics committee and 
was conducted according to the declaration of  Helsinki.

Staging
Staging was performed according to UICC/AJCC rec-
ommendations. 

Immunohistochemistry
Fresh serial sections were cut at 2 μm from the original 
diagnostic paraffin-embedded tissue blocks, mounted on 
Superfrost Plus slides, dried overnight at 37  ℃, deparaf-
finized in xylene and rehydrated through a graded series 
of  alcohol solutions. Antigen retrieval was performed 
in Target Retrieval Solution (ID1, ID2, ID4: pH6; ID3: 
pH8; Dako, Glostrup, Denmark) at 95  ℃ for 60 min. Im-
munostaining was performed using a semi-automatically 
autostainer (Dako). The sections were incubated for 60 
min at room temperature with primary polyclonal rabbit 
antibodies against relevant ID proteins (Santa Cruz Bio-
technology, Santa Cruz, CA, United States) at different 
dilutions (ID1, C-20: sc-488 at 1:150; ID2: C-20: sc-489 at 
1:1000; ID3, C-20: sc-490 at 1:100; ID4: H-70: sc-13047 
at 1:100). After washing with PBS, the samples were incu-
bated with biotinylated goat anti-polyvalent antibodies for 
15 min and subsequently by streptavidin alkaline phos-
phatase for 15 min according to the labeled streptavidin-
biotin (LSAB) method. The ID protein binding sections 
was visualized by K 5005, Fast-Red-Chromogen (Dako) 
detection for 10 min. Nuclei were counterstained with 
Mayer´s hemalaun solution. Vascular smooth muscle cells 
served as internal positive controls for the ID proteins. 
As a negative control, the primary antibody was omitted, 
with all other experimental conditions kept constant. The 
staining specificity was further confirmed by blocking the 
antibody binding to the antigen with the corresponding 
blocking peptides for ID1, ID2 and ID3 (Santa Cruz). 
No blocking peptide was commercially available for ID4.

Scoring of the immunohistochemical staining
Two blinded observers independently evaluated all cases. 
For cases with discordant scoring results, a consensus 
was obtained by reevaluating the slides. When the tumor 
samples showed a heterogeneous staining pattern, the 
“hot spots” showing the highest staining intensity were 
selected for further quantification. Cytoplasmic and 
nuclear immunolabeling were evaluated. Cytoplasmic ex-
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pression was scored according to the staining intensity (0, 
negative; 1, low; 2, moderate to 3, strong). Nuclear stain-
ing was scored according to the percentage of  positive 
nuclei. At least 100 nuclei were assessed in the hot spots 
at high magnification (× 400). The percentage of  positive 
cells was rated as follows: 0: 0%-10%, 1: 11%-50%, 2: 
51%-80%, and 3: 81%-100% of  tumor cell nuclei posi-
tive.

Statistical analysis
Statistical analysis was performed using SPSS 15.0 sta-
tistical software (SPSS, Inc, Chicago, Illinois). Both the 
analysis of  the association of  ID1-4 expression levels in 
BTC with the overall survival (OS) and the correlation 
of  tumor subtypes with OS were performed by the chi-
square test with P < 0.05 considered as statistically sig-
nificant. Overall survival was defined as the interval from 
date of  diagnosis (histopathology) until death from any 
cause. Additionally to the analysis with the whole study 
cohort (n = 129), the patients were divided into the two 
following subgroups: Patients treated by chemotherapy 
(n = 64) and patients not treated by chemotherapy (n = 
56). Survival estimates were calculated using the Kaplan-
Meier method. To test for independent relevance of  the 
candidate prognostic factors a multivariate Cox propor-
tional hazards regression model was fit for each of  the 
ID-proteins. All baseline characteristics plus cytoplasmic 
and nuclear expression of  the respective ID-protein were 
included in the model. Tumor stage and grading were di-
chotomized (1/2 vs 3/4).

RESULTS
We identified 129 cases of  advanced BTC (unresectable 
at time of  presentation in our institution) that had been 
treated at our institution between June 1998 and June 
2005. Thirty-five percent (n = 45) were of  extrahepatic 
origin (EHC), 39% (n = 50) were of  intrahepatic origin 

(IHC), and 26% (n = 34) were gallbladder cancers (GBC). 
Median age at diagnosis was 62.2 years (range 32-84 
years) with even gender distribution (48% female, 52% 
male). The majority of  patients had developed metastatic 
disease; most tumors were G2 tumors (63%). Patients 
were treated with best supportive care (n = 56) and vari-
ous chemotherapeutic regimens (n = 64). Nine patients 
had become secondary resectable (R0). Chemotherapy 
regimens were 5-FU or gemcitabine based, often in com-
bination with cisplatin or oxaliplatin. Response to treat-
ment was monitored by CT, MRI or ultrasound accord-
ing to the standard WHO criteria (WHO, 1979). Eleven 
patients (17%) showed a partial remission, 27 (42%) had 
stable disease, and 26 patients (41%) had progressive dis-
ease despite chemotherapy. Follow-up data were available 
from all 129 patients with a median follow-up of  16.5 
mo. The median overall survival for all patients was 18.3 
mo (Table 1).

To identify prognostic subgroups standard clinical 
prognostic variables were correlated with clinical out-
come. As expected from clinical experience, site of  the 
primary tumor clearly influenced prognosis. Patients 
with EHC had a significantly longer OS compared to 
patients with IHC and GBC (Median OS 1.5 years vs 0.9 
years vs 0.7 years, P = 0.002) (Figure 1). Overall survival 
from time of  diagnosis was also influenced by stage at 
diagnosis (Stage Ⅰ: 2.7 years vs stage Ⅱ: 2.0 years vs stage 
Ⅲ 0.9 years vs stage Ⅳ 0.6 years, P < 0.001). Resection 
status also influenced survival, which was longer in pa-
tients with completely resected (R0) tumors compared to 
incompletely resected (R1/R2) and not surgically treated 
tumors (OS 2.0 years vs 1.3 years vs 0.6 years, P < 0.001). 
Likewise, OS was better in patients whose tumors re-
sponded to chemotherapy (PR 2.0 years vs SD 1.3 years vs 
PD 0.6 years, P = 0.003). To exclude an influence of  cu-
rative resection (n = 9) on the results, a sensitivity analysis 
excluding these cases was performed that confirmed the 
results (P = 0.004). Because of  the small sample size no 
additional subgroup analyses were performed. 
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Table 1  Patient characteristics, survival and best response to 
treatment  n  (%)

Age (yr) Median (62.2) Range (32-84)
Sex Male Female 

67 (51.9) 62 (48.1)
BTC subtype EHC IHC GBC Total

45 (34.9) 50 (38.8) 34 (26.4) 129
Stage Ⅰ Ⅱ Ⅲ Ⅳ

10 (7.8) 20 (15.5) 40 (31.0) 65 (50.4)
Grade G1 G2 G3

7 (5.4) 81 (62.8) 41 (31.8)
Treatment BSC Cx Sx Total

56 (43.4) 64 (49.6) 9 (7.0) 129
Response to Cx PR SD PD

11 (17.2) 27 (42.2) 26 (40.6)
OS BSC Cx Sx All
(mo) 15.1 17.7 41.8 18.3

BSC: Best supportive care; Sx: Surgery; Cx: Chemotherapy; PR: Partial 
remission; SD: Stable disease; PD: Progressive disease; EHC: Extrahepatic 
BTC; IHC: Intrahepatic BTC; GBC: Gallbladder cancer. 
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Figure 1  Survival of patients with biliary tract cancer by primary tumor 
localization. Kaplan-Meier estimates of overall survival in patients with extra-
hepatic biliary tract cancer (BTC) (n = 45, blue line), intrahepatic BTC (n = 50, 
yellow line), and gall bladder cancer (n = 34, green line). 
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of  ID1, ID2, and ID3 was undetectable or low in normal 
tissue, similarly high cytoplasmic and nuclear ID1 expres-
sion was detected in 63.6%, and 61.3% of  BTC cases 
(Figure 3). Likewise, high ID2 expression was detected, 
which was mainly cytoplasmic (77.5% cytoplasmic vs 
4.7% nuclear). ID3 was highly expressed in the cyto-
plasm (40.3%) and even more pronounced in the nucleus 
(68.3%). In contrast, all normal controls analyzed ex-
pressed high levels of  nuclear ID4, but only low levels of  
cytoplasmic ID4. In BTC, this predominant nuclear ID4 
staining was reduced to 77.8%. 

To investigate the clinical relevance of  the above 
findings, ID protein expression was correlated with 
overall survival (OS), tumor grade, tumor stage, prior 

ID proteins are frequently expressed in BTC
To determine the role of  the ID proteins in BTC, we 
analyzed ID protein expression and subcellular local-
ization of  ID proteins in archival samples from all 129 
patients collected at initial diagnosis. Normal bile ducts 
expressed only low amounts of  ID proteins with the ex-
ception of  ID4, where strong nuclear expression of  ID4 
was detected in all cases analyzed. In contrast to normal 
controls, high levels of  ID1, ID2 and ID3 were detected 
in the majority of  BTC cases (Figure 2). Table 2 summa-
rizes the results. 

Detailed analysis of  expression levels and subcellular 
localization of  the ID proteins showed clear differences 
between normal bile ducts and BTC. While expression 

Normal intrahepatic bile ducts                                          BTC low                                                          BTC high

ID1

ID2

ID3

ID4

Figure 2  Inhibitor of differentiation protein expression in normal intrahepatic bile ducts and biliary tract cancer. Representative photographs. Depicted are 
representative stains of normal intrahepatic bile ducts, low and high expressing biliary tract cancer cases for each inhibitor of differentiation (ID) protein. 
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chemotherapy, and response to chemotherapy. Correla-
tion of  ID expression with OS was calculated for the 
whole study cohort (n = 129; n = 122 for ID4) and for 
the subgroups of  patients treated with chemotherapy (n 
= 64) and patients not treated by chemotherapy (n = 56). 
While neither cytoplasmic nor nuclear ID1 expression 
was correlated with OS, a clear trend for shorter OS was 
observed for nuclear negative (n = 27) vs nuclear positive 
(n = 102) cases (0.9 years vs 1.2 years, P = 0.058) (Figure 
4A). Further subgroup analyses identified a strong cor-
relation of  ID1 expression and overall survival in che-

motherapy naïve patients (n = 56). Here, patients without 
nuclear (n = 10) ID1 expression had an OS of  2.1 years 
compared to 0.5 years in patients with nuclear (n = 46) 
ID1 expression (P = 0.001) (Figure 4B). ID2 did not have 
a prognostic value for the overall study population (P = 
0.79 for cytoplasmic expression, P = 0.28 for nuclear ex-
pression). Nevertheless, in the subgroup of  patients who 
had received chemotherapy (n = 64) patients without 
nuclear ID2 expression (n = 51) had a significantly better 
prognosis than patients with nuclear ID2 expression (n = 
13), with OS of  1.3 years and 0.5 years, respectively (P = 
0.001) (Figure 4C). As for ID1 and ID2, ID3 expression 
in the overall study population did not correlate with OS 
(P = 0.28 for cytoplasmic, and P = 0.44 for nuclear ID3 
expression). The subgroup of  patients who had received 
chemotherapy (n = 64) patients without cytoplasmatic 
ID3 expression (n = 36) had a slightly better prognosis 
than patients with cytoplasmatic ID3 expression (n = 28), 
with OS of  1.0 years and 1.1 years, respectively (P = 0.037) 
(Figure 4D). Using the same subgroup analyses as for the 
other IDs, no relevant subgroup was identified. Quite 
strikingly, while nuclear ID4 expression did not correlate 
with OS (P = 0.27), cytoplasmic ID4 expression seemed 
to correlate with prognosis (Figure 4E). Overall survival 
in patients with cytoplasmic ID4 expression (n = 60) 
was 1.2 years compared with 0.6 years in patients with-
out cytoplasmic ID4 expression (n = 62, P = 0.001) in 
univariate analysis. This was reproduced in the subgroup 
of  patients who had not received prior chemotherapy 
(n = 56). Here, OS was 1.1 years vs 0.5 years in patients 
with cytoplasmic (n = 23) vs no cytoplasmic (n = 33) ID4 
expression (P = 0.025) (Figure 4F). Analyses of  ID1-4 
expression and other clinical-pathological variables failed 
to show any significant correlation (data not shown). Spe-
cifically, ID expression levels were similar in EHC, IHC, 
and GBC. 

To test the relevance of  the above findings a multivar-
iate Cox proportional hazards regression model was used. 
Multivariate testing confirmed the importance of  tumor 
localization, surgical treatment, and response to chemo-
therapy as factors influencing survival (Table 3). Patients 
with extrahepatic BTC have the best prognosis (HR = 
0.32, 95%CI: 0.18-0.6, P < 0.0005), as have patients who 
had been treated surgically (HR = 0.3, 95%CI: 0.17-0.55, 
P < 0.0001). Patients responding to chemotherapy with 

Table 2  Inhibitor of differentiation protein expression and tumor characteristics  n  (%)

Total (n ) IHC EHC GBC Stage I Stage II Stage III Stage IV G1 G2 G3

ID1 neg   17   6 (5) 6 (5) 5 (4) 1 (1) 2 (2) 4 (3) 10 (8) 1 (1) 9 (7) 7 (5)
ID1 pos 112   44 (34) 39 (30) 29 (22) 9 (7) 18 (14) 30 (23)   55 (43) 6 (5) 72 (56) 34 (26)
ID2 neg   29   13 (10) 9 (7) 7 (5) 1 (1) 3 (2) 9 (7)   16 (12) 2 (2) 19 (15) 8 (6)
ID2 pos 100   37 (29) 36 (28) 27 (21) 9 (7) 17 (13) 25 (19)   49 (38) 5 (4) 62 (48) 33 (26)
ID3 neg   25   9 (7) 9 (7) 7 (5) 1 (1) 7 (5) 3 (2)   14 (11) 2 (2) 15 (12) 8 (6)
ID3 pos 104   41 (32) 36 (28) 27 (21) 9 (7) 13 (10) 31 (24)   51 (40) 5 (4) 66 (51) 33 (36)
ID4 neg   26 11 (9) 9 (7) 6 (5) 2 (2) 7 (6) 9 (7)   8 (7) 1 (1) 15 (12) 10 (8)
ID4 pos   96   35 (29) 35 (29) 26 (21) 8 (7) 13 (11) 23 (19)   52 (43) 6 (5) 61 (50) 29 (24)

EHC: Extrahepatic biliary tract cancer (BTC); IHC: Intrahepatic BTC; GBC: Gallbladder cancer; G: Grade.
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100%/100%

77.5%/4.7%
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Figure 3  Proportion of inhibitor of differentiation protein expression in 
biliary tract cancer and normal intrahepatic bile ducts. A: Percentage of 
biliary tract cancer (BTC) with high expression of the respective inhibitor of dif-
ferentiation (ID) protein in BTC (black bars) and normal intrahepatic bile ducts 
(control; grey bar); B: Summary of ID protein expression. Overall ID protein 
expression ID protein expression was scored in low (0+1) and high (2+3) and 
assessed for nuclear and cytoplasmic (cyto) staining pattern. Cytoplasmic 
staining intensity was scored 0 (negative) to 3 (strong), nuclear expression was 
scored based on the percentage of positive nuclei (0: 0%-10%; 1: 11%-50%; 2: 
51%-80%; and 3: 81%-100%). For ID4, only 122 samples could be analyzed. C: 
Cytoplasmic expression; N: Nuclear expression. 
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a partial remission (PR) or disease stabilization (SD) 
likewise seem to have a better clinical prognosis (HR = 
0.43, 95%CI: 0.20-0.91, P = 0.267; and HR 0.4, 95%CI: 
0.22-0.71, P = 0.002, respectively). The effects of  the 
ID proteins observed in univariate testing did not reach 
statistical significance in this multivariate model. Only tu-
mors with loss of  cytoplasmatic ID4 expression showed 
a trend for shorter survival (HR = 0.68, 95%CI: 0.45-1.04, 
P = 0.0736). 

DISCUSSION
Our analysis of  129 cases of  biliary tract cancer con-
firmed the importance of  primary tumor localization, tu-
mor stage, resection status and response the treatment as 
strong predictors for patients’ prognosis. This difference 
in survival was independent of  other confounding factors 
such as stage, resection, or response to chemotherapy. We 
believe that our findings are valid, as also patients who 
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Figure 4  Kaplan-Meier survival estimates for overall survival from time of diagnosis for patients with biliary tract cancer expressing ID1-ID4 with or with-
out systemic chemotherapy. A: Survival in patients (n = 129) with (green line) and without nuclear ID1 expression (blue line); B: Survival in patients who have not 
received systemic chemotherapy (n = 56) with (green line) or without nuclear ID1 expression (blue line); C: Survival in patients who have received systemic chemo-
therapy (n = 64) with (green line) or without nuclear ID2 expression (blue line); D: Survival in patients who have not received systemic chemotherapy (n = 64) with (green 
line) or without cytoplasmic ID3 expression (blue line); E: Survival in patients (n = 122) with (green line) and without cytoplasmic ID4 expression (blue line); F: Survival 
in patients who have not received systemic chemotherapy (n = 56) with (green line) or without cytoplasmic ID4 expression (blue line). Cx: Chemotherapy. 
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had not been curatively resected had a significantly longer 
OS (P = 0.004). Hence, information of  primary BTC lo-
calization should be prospectively evaluated and used for 
stratification in clinical trials in advanced BTC to verify 
its prognostic relevance. It is hard to speculate on factors 
influencing this different prognosis. One report could 
hint to a role of  the multidrug resistance proteins (MRP) 
showing lower levels of  MRP3 in EHC compared to 
gallbladder carcinomas[17]. Alternatively, differential gene 
expression as of  matrix metalloproteinases and growth 
factors might contribute to the different biological behav-
ior of  EHC[3,18]. 

While data on ID protein expression in BTC was 
scarce, more comprehensive data is available for ID ex-
pression in hepatocellular carcinoma (HCC). In HCC, 
ID1 is frequently expressed and higher ID1 expression 
was reported to correlate with decreased p16INK4A expres-
sion[19]. ID protein expression decreased with loss of  
differentiation, suggesting a role of  ID proteins in early 
carcinogenesis[20]. Contrasting these results are data that 
imply a role of  ID1 in progression, metastasis, and tumor 
vessel formation[19,21-23]. Immunohistochemical analysis of  
liver tissue from 112 patients with liver cirrhosis showed 
elevated ID1 expression in 38% (n = 42) of  patients. 
These patients were at higher risk of  developing HCC[23]. 
In an analysis of  80 matched pair biopsies of  HCC and 
normal liver, and cirrhotic and chronic hepatitis samples 
no ID1-protein expression was observed in normal liver, 
whereas moderate to strong ID1 expression was detected 
in 50% of  HCCs. In 60 matched pairs of  primary tumor 
and metastasis, expression in the metastases was higher 
(90%) than in the primary tumors (42%), correlating 
with increased VEGF expression[22]. In a nude mouse 
model ID1 induced VEGF by stabilizing HIF alpha, 
and antisense-inhibition of  ID1 resulted in decreased 
tumor growth due to decreased VEGF expression and 
decreased tumor vascularization[22]. 

Analysis of  ID protein expression in our cohort 
of  cholangiocarcinomas showed expression of  all four 

ID proteins. ID4 was the only ID protein expressed in 
normal bile ducts. Neither overall ID protein expression 
levels nor subcellular localization correlated with clinical 
prognosis. While loss of  ID4 protein expression was fre-
quently detected and patients with ID4 negative tumors 
had a trend for shorter OS this needs to be confirmed 
in a larger sample. The role of  ID4 on tumor develop-
ment is still not fully understood. Recent studies revealed 
that the ID4 gene can be silenced through promoter hy-
permethylation in various tumors, including BTC[16,24-30], 
suggesting a tumor suppressive role. On the other hand 
ID4 was identified as an upstream regulator of  BRCA1 
in breast and ovarian cancer[31]. Also supporting an onco-
genic role of  ID4 are reports describing activating trans-
locations of  ID4 in some patients with bladder cancer 
and a subset of  patients with acute lymphoblastic leuke-
mia[32-34]. Our data suggest a tumor suppressive role of  
ID4 in BTC, as patients without or with low cytoplasmic 
levels of  ID4 had shorter overall survival. While hypoth-
esis generating, this must be confirmed and validated in 
a larger patient population. In summary, we have shown 
that ID protein expression is deregulated in biliary tract 
cancer but that their use as prognostic biomarkers is very 
limited. 
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Background
Cholangiocarcinoma present as heterogeneous tumors with generally poor 
prognosis. Molecular changes that drive tumor development are poorly un-
derstood, and no valid prognostic markers other than stage and performance 
status have been identified. 
Innovations and breakthroughs
To investigate the role of inhibitor of differentiation (ID) proteins in biliary tract 
cancer (BTC) we analyzed the expression of ID proteins 1-4 in tumor specimen 

Table 3  Multivariate analysis of clinical characteristics and inhibitor of differentiation protein expression

ID1 ID2 ID3 ID4

HR 95%CI P  value HR 95%CI P  value HR 95%CI P  value HR 95%CI P  value

Gender (male)   1.17 0.76-1.80    0.4717   1.07 0.71-1.64 0.7363   1.03 0.68-1.56 0.8877   1.29 0.82-2.02 0.267
IHC   0.57 0.33-0.97    0.0399   0.66 0.39-1.11 0.1193   0.72 0.42-1.23 0.2312   0.75 0.44-1.28 0.295
EHC   0.32 0.18-0.60    0.0003   0.36 0.20-0.64 0.0005   0.36 0.20-0.63 0.0003   0.32 0.18-0.57    0.0001
Stage Ⅲ-Ⅳ   1.51 0.80-2.83    0.2037 1.5 0.80-2.80 0.2051   1.72 0.91-3.25 0.0928   1.24 0.65-2.35    0.5129
Grade 3   1.57 0.99-2.50    0.0532   1.58 1.01-2.47 0.0471   1.43 0.90-2.27 0.1326   1.53 0.96-2.45    0.0732
Surgery 0.3 0.17-0.55 < 0.0001   0.35 0.20-0.61 0.0003   0.33 0.18-0.61 0.0004   0.31 0.17-0.55 < 0.0001
Age   0.99 0.97-1.01    0.2327   0.99 0.97-1.01 0.3835   0.99 0.97-1.01 0.3118   0,99 0.97-1.02    0.6452
Response to Cx PD   0.81 0.44-1.47    0.4836   0.83 0.45-1.53 0.5442   0.65 0.35-1.20 0.1669 0.7 0.37-1.31 0.261
Response to Cx SD 0.4 0.22-0.71 0.002 0.4 0.22-0.72 0.0021   0.33 0.19-0.60 0.0002   0.37 0.20-0.67    0.0012
Response to Cx PR   0.43 0.20-0.91    0.0267   0.48 0.23-0.98 0.0426   0.46 0.22-0.94 0.0329 0.5 0.25-1.01    0.0531
Nuclear low   0.93 0.46-1.88    0.8447   1.41 0.80-2.50 0.2333   1.32 0.62-2.79 0.4721   0.94 0.38-2.33    0.8979
Nuclear high 1.2 0.65-2.20    0.5563   1.51 0.19-11.84 0.696   0.97 0.47-2.00 0.9275   0.63 0.27-1.47    0.2813
Cytoplasmic low   0.81 0.34-1.91    0.6276   0.59 0.07-4.80 0.6195 1.0 0.60-1.68 0.9948   0.68 0.45-1.04    0.0736
Cytoplasmic high   0.81 0.34-1.90    0.6261   0.64 0.08-5.04 0.6703   0.71 0.33-1.54 0.3866   0.31 0.03-2.85    0.3028

n = 129, number of events = 119, r2 = 0.386 for ID1-3, r2 = 0.392 for ID4; EHC: Extrahepatic biliary tract cancer (BTC); IHC: Intrahepatic BTC; Cx: 
Chemotherapy; PR: Partial remission; SD: Stable disease; PD: Progressive disease; ID: Inhibitor of differentiation. 
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from 129 patients with advanced BTC and in 9 normal controls by immunohisto-
chemistry.
Applications
Authors have shown that ID protein expression is deregulated in biliary tract 
cancer but that their use as prognostic biomarkers is very limited.
Peer review
The authors described the expressions of ID1-4 proteins in specimens of 
cholangiocarcinoma and compared to the normal control. An interesting paper 
looking for new histological parameters in cholangiocarcinoma.
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Abstract
AIM: To explore this hypothesis that smooth muscle 
cells may be capable of acquiring a myofibroblastic 
phenotype, we have studied the expression of smooth-
elin in fibrotic conditions.

METHODS: Normal liver tissue (n  = 3) was obtained 
from macroscopically normal parts of hepatectomy, 
taken at a distance from hemangiomas. Pathological 
specimens included post-burn cutaneous hypertrophic 
scars (n  = 3), fibrotic liver tissue (n  = 5), cirrhotic tis-
sue (viral and alcoholic hepatitis) (n  = 5), and hepato-
cellular carcinomas (n  = 5). Tissue samples were fixed 

in 10% formalin and embedded in paraffin for immu-
nohistochemistry or were immediately frozen in liquid 
nitrogen-cooled isopentane for confocal microscopy 
analysis. Sections were stained with antibodies against 
smoothelin, which is expressed exclusively by smooth 
muscle cells, and α-smooth muscle actin, which is 
expressed by both smooth muscle cells and myofibro-
blasts.

RESULTS: In hypertrophic scars, α-smooth muscle 
actin was detected in vascular smooth muscle cells 
and in numerous myofibroblasts present in and around 
nodules, whereas smoothelin was exclusively expressed 
in vascular smooth muscle cells. In the normal liver, 
vascular smooth muscle cells were the only cells that 
express α-smooth muscle actin and smoothelin. In 
fibrotic areas of the liver, myofibroblasts expressing 
α-smooth muscle actin were detected. Myofibroblasts 
co-expressing α-smooth muscle actin and smoothelin 
were observed, and their number was slightly increased 
in parallel with the degree of fibrosis (absent in liver 
with mild or moderate fibrosis; 5% to 10% positive in 
liver showing severe fibrosis). In cirrhotic septa, nu-
merous myofibroblasts co-expressed α-smooth muscle 
actin and smoothelin (more than 50%). In hepatocel-
lular carcinomas, the same pattern of expression for 
α-smooth muscle actin and smoothelin was observed in 
the stroma reaction surrounding the tumor and around 
tumoral cell plates. In all pathological liver samples, 
α-smooth muscle actin and smoothelin were co-ex-
pressed in vascular smooth muscle cells.

CONCLUSION: During development of advanced liver 
fibrosis, a subpopulation of myofibroblasts express-
ing smoothelin may be derived from vascular smooth 
muscle cells, illustrating the different cellular origins of 
myofibroblasts. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: In fibrotic conditions, it has been suggested 
that smooth muscle cells can acquire a myofibroblas-
tic phenotype. To explore this hypothesis, we studied 
the expression of smoothelin, a specific marker of 
end-stage differentiation of smooth muscle cells, in 
cutaneous and hepatic fibrotic conditions, using immu-
nohistochemistry and confocal microscopy. We showed 
that during advanced liver fibrosis, a subpopulation of 
α-smooth muscle actin-expressing myofibroblasts also 
express smoothelin and thus may be derived from vas-
cular smooth muscle cells. This finding, which illustrates 
the different potential cellular origins of myofibroblasts 
involved in liver fibrogenesis, may represent an inter-
esting tool to distinguish advanced stages of cirrhosis.

Lepreux S, Guyot C, Billet F, Combe C, Balabaud C, Bioulac-
Sage P, Desmoulière A. Smoothelin, a new marker to determine 
the origin of liver fibrogenic cells. World J Gastroenterol 2013; 
19(48): 9343-9350 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i48/9343.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i48.9343

INTRODUCTION
Smoothelin, a constituent of  the smooth muscle cell cy-
toskeleton, has been described as a marker of  end-stage 
differentiation of  smooth muscle cells because it has 
been found only in contractile smooth muscle cells[1-3]. 
Smoothelin has two major isoforms in adults, which are 
expressed in a tissue specific manner: a 59 kDa isoform, 
smoothelin-A, which is expressed in visceral and uro-
genital tissues, such as the digestive tract, bladder, and 
prostate; and a 110 kDa isoform, smoothelin-B, which is 
expressed in blood vessel walls[4]. Transient synthesis of  
a third smoothelin isoform has been detected in embry-
onic striated muscle cells in chicken[5]. In cultured smooth 
muscle cells, smoothelin colocalizes with α-smooth 
muscle actin stress fibers[3] and smoothelin can bind to 
α-smooth muscle actin, which suggested a direct role 
of  smoothelin in contraction[6]. In contrast, cells with 
smooth muscle cell-like features, such as myofibroblasts, 
do not express smoothelin[3]. Myofibroblasts are contrac-
tile cells that express α-smooth muscle actin[7]. These cells 
are involved in tissue repair processes and, particularly, in 
extracellular matrix deposition and remodeling[8]. In nor-
mal connective tissues, myofibroblasts are rare[9]. After 
tissue injury, myofibroblasts appear, and it is commonly 
accepted that most are derived from locally recruited 
connective tissue fibroblasts[10]. In the liver, the most im-
portant cells involved in fibrogenesis are hepatic stellate 
cells and portal fibroblasts, which are able to differenti-
ate into myofibroblasts and are responsible for matrix 
deposition[11]. However, the involvement of  different cell 

types with various origins, such as smooth muscle cells, 
circulating cells or bone marrow-derived cells has also 
been suggested in the establishment of  liver fibrosis/cir-
rhosis[12-16]. However, the degree to which this process 
contributes to fibrosis remains a matter of  intense debate 
and is likely to be context-dependent. To determine the 
possible contribution of  smooth muscle cells to the ap-
pearance of  myofibroblasts during fibrotic processes, we 
studied the expression of  smoothelin in different diseases 
that show myofibroblast involvement; i.e., post-burn cuta-
neous hypertrophic scars, liver fibrosis and cirrhosis, and 
hepatocellular carcinomas. 

MATERIALS AND METHODS
Human liver samples and tissue processing 
Human tissue samples used in this study were selected 
from the files of  the tissue bank of  the Department of  
Pathology (CHU Bordeaux, Pellegrin Hospital, Bordeaux, 
France). Normal liver tissues (n = 3) were obtained from 
macroscopically normal parts of  livers after hepatectomy, 
taken at a distance from hemangiomas. Pathological spec-
imens included post-burn cutaneous hypertrophic scars 
(n = 3); fibrotic liver tissue (n = 5), ranging from F1 to F3 
stage according to the Metavir score[17]; cirrhotic tissues 
(viral and alcoholic hepatitis) (n = 5); and hepatocellular 
carcinomas (n = 5). Tissue samples were fixed in 10% 
buffered formalin, embedded in paraffin and processed 
for diagnostic purposes and immunohistochemistry, 
or were immediately frozen in liquid nitrogen-cooled 
isopentane for confocal microscopy analysis. The proce-
dures were carried out in accordance with the European 
Guidelines for the use of  human tissues. 

Immunohistochemistry and confocal microscopy 
Mouse monoclonal antibodies against smoothelin (im-
munoglobulin G, IgG1 clone R4A, which reacts with 
smoothelin A and B, MUbio Products, Maastricht, The 
Netherlands), and α-smooth muscle actin (IgG2a clone 
1A4, Dako SA, Trappes, France) were used. These two 
antibodies have been extensively used and their specificity 
has been clearly documented[1,18]. Immunohistochemis-
try was essentially performed as previously described[19]. 
Briefly, after incubation with the first antibody, the epi-
topes were detected using the Vectastain® ABC system 
(Vector Laboratories, Peterborough, United Kingdom) 
or the Envision™ system (DakoCytomation, Trappes, 
France), with diaminobenzidine as the color substrate. 
Slides were then counterstained with hematoxylin. 

For double immunofluorescence, cryostat sections 
were first incubated with the antibodies against smooth-
elin and α-smooth muscle actin, then with a TRITC-
conjugated goat anti-mouse IgG1 (Southern Biotech, 
Birmingham, AL, United States) and an Alexa Fluor® 488 
goat anti-mouse IgG2a (Molecular Probes, Eugene, OR, 
United States). Nuclei were stained with 4’,6-diamidino-
2-phenylindole (DAPI).

The specificity of  staining was confirmed by incuba-
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tion in non-immune serum and in the absence of  the pri-
mary antibody. For immunohistochemistry, sections were 
examined with a Zeiss Axioplan 2 microscope (Carl Zeiss 
Microscopy, Jena, Germany). Images were acquired with 
an AxioCam camera (Carl Zeiss Vision, Hallbergmoos, 
Germany) by means of  the AxioVision image processing 
and analysis system (Carl Zeiss Vision). For double im-
munofluorescence, sections were analyzed with a confo-
cal microscopy (LSM Meta 510, Carl Zeiss Microscopy).

For quantitative evaluation of  staining, cell counting 
was performed in the septa of  fibrotic and cirrhotic liv-
ers, and in the stroma reaction of  hepatocellular carcino-
ma. Vessels were not included in this evaluation. For each 
field, the ratio of  the number of  smoothelin-positive and 
α-smooth muscle actin-positive cells over the number of  
cells only expressing α-smooth muscle actin was calcu-
lated. The analysis was performed on an average of  10 
fields/zone using the × 40 objective. Only positive cells 
containing a nucleus were counted.

RESULTS
α-smooth muscle actin and smoothelin expression in 
hypertrophic scars
In many situations, hypertrophic scars develop significant 
contractile activity (because of  the presence of  myofibro-
blasts) (Figure 1A), and are usually organized in a nodular 
pattern (Figure 1B). By immunohistochemistry, α-smooth 

muscle actin was detected in blood vessel walls and in 
numerous myofibroblasts present in and around the 
nodules (Figure 1C), whereas smoothelin was exclusively 
shown in the vessel walls (Figure 1D). Our data showed 
that myofibroblasts present in hypertrophic scars do not 
express smoothelin. 

α-smooth muscle actin and smoothelin expression in 
normal and pathological livers
In the normal liver, α-smooth muscle actin was exclu-
sively expressed by the smooth muscle cells within the 
tunica media of  portal arteries and veins, and of  the cen-
trilobular veins (Figure 2A). The expression of  smooth-
elin in the normal liver was also detected in the smooth 
muscle cells of  these vessels (Figure 2B). Smoothelin and 
α-smooth muscle actin showed a similar distribution.

In livers with mild or moderate fibrosis (F1-F2), 
myofibroblasts present in fibrotic areas clearly expressed 
α-smooth muscle actin, but did not express smoothelin 
(data not shown). In livers showing severe fibrosis (F3), 
strong staining for α-smooth muscle actin was detected 
in myofibroblasts present in fibrotic areas (Figure 2C). 
Weak expression of  smoothelin was present in a few 
myofibroblasts (Figure 2D). In cirrhotic livers (F4), 
myofibroblasts present in cirrhotic septa expressed high 
amounts of  α-smooth muscle actin (Figure 2E). Numer-
ous myofibroblasts also expressed smoothelin (Figure 
2F). In all stages of  liver fibrosis, α-smooth muscle actin 
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Figure 1  α-smooth muscle actin and smoothelin expression in a cutaneous hypertrophic scar. A: Following a burn injury, a retractile hypertrophic scar was ob-
served (from Vincent Casoli, Plastic Surgery and Burns Unit, University Hospital of Bordeaux, France); B: Hematoxylin and eosin staining shows typical hypertrophic 
scar architecture with nodules (N) surrounded by cell bundles (CB); C: α-smooth muscle actin is expressed in vascular smooth muscle cells and myofibroblasts both 
in and around the nodules; D: Smoothelin is only expressed by vascular tunica media smooth muscle cells. 
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4A and B). These two proteins were also expressed by 
fusiform pericyte-like cells between endothelial cells of  
the sinusoidal capillaries and tumoral cell plates (Figure 
4C and D). 

DISCUSSION
In normal conditions, several cell types that have con-
tractile properties express α-smooth muscle actin, such 
as smooth muscle cells and, to a lesser extent, pericytes. 
Smooth muscle cells display a large variation in pheno-
type among, and even within, tissues and organs. Dif-
ferent patterns of  marker expression reflect, in part, the 
heterogeneity of  smooth muscle cell subpopulations and 
their phenotypic modulation[20]. Smoothelin, a recently 

and smoothelin were co-expressed in vascular smooth 
muscle cells (Figure 2C-F).

The co-localization of  α-smooth muscle actin and of  
smoothelin in the same cells was confirmed by double im-
munofluorescence (Figure 3). All cells expressing smooth-
elin also expressed α-smooth muscle actin, including vas-
cular smooth muscle cells and myofibroblasts. Moreover, 
a quantitative evaluation revealed that in livers showing 
severe fibrosis (F3), 5% to 10% of  myofibroblasts co-
expressed α-smooth muscle actin and smoothelin. In 
cirrhotic septa, more than 50% of  myofibroblasts co-
expressed α-smooth muscle actin and smoothelin.

In hepatocellular carcinomas, we observed the same 
expression pattern of  α-smooth muscle actin and smooth-
elin in the stroma reaction surrounding the tumor (Figure 
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Figure 2  α-smooth muscle actin and smoothelin expression in normal, fibrotic and cirrhotic livers. A and B: In the normal liver, α-smooth muscle actin (A) and 
smoothelin (B) show similar expression in tunica media smooth muscle cells of the portal arteries and veins and in the centrilobular veins; C and D: In severe fibrosis, 
myofibroblasts express high amounts of α-smooth muscle actin (C), while smoothelin is only expressed at low levels (D) (α-smooth muscle actin and smoothelin are 
coexpressed in vascular smooth muscle cells); E and F: In the cirrhotic liver, myofibroblasts express α-smooth muscle actin in fibrotic septae (E) and numerous myo-
fibroblasts also express smoothelin (F); however, smoothelin expression is lower compared with α-smooth muscle actin expression (insert). α-smooth muscle actin 
and smoothelin are co-expressed in vascular tunica media smooth muscle cells (F). 
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described smooth muscle cell marker, illustrates these 
phenotypic features. Firstly, smoothelin expression var-
ies, with isoform A being expressed in visceral smooth 
muscle cells, and isoform B being expressed in vascular 
smooth muscle cells[4]. Secondly, smoothelin is expressed 
only by fully differentiated smooth muscle cells and not 
by proliferative or non-contractile smooth muscle cells[1]. 
Thirdly, visceral smoothelin expression is different ac-
cording to the location of  the smooth muscle cells within 
the organ. For example, in the digestive tract and urinary 
tract, most of  the smooth muscle cells of  the muscularis 
propia express smoothelin, but the smooth muscle cells 

of  the muscularis mucosae do not[21,22]. During fibrotic 
processes, it is assumed that it is mainly fibroblasts that 
are recruited and acquire a myofibroblastic phenotype, 
i.e., a smooth muscle cell-like phenotype. However, it has 
been suggested that smooth muscle cells can also con-
tribute to the appearance of  myofibroblasts. Similarly to 
smooth muscle cells, fully differentiated myofibroblasts 
express α-smooth muscle actin and are contractile cells; 
in addition, myofibroblasts are responsible for extracellu-
lar matrix deposition. Like myofibroblasts observed with-
in bladder carcinoma[21], blood vessel adventitia[23] or the 
airway wall of  patients with asthma[24], our study shows 

CBA

Figure 3  Cellular co-localization of α-smooth muscle actin and smoothelin in a fibrotic liver. A: α-smooth muscle actin expression (green); B: Smoothelin ex-
pression (red); C: Merged (nuclei are stained with DAPI). Smoothelin-expressing cells also express α-smooth muscle actin. 
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Figure 4  α-Smooth muscle actin and smoothelin expression in hepatocellular carcinoma. A and B: α-smooth muscle actin (A) and smoothelin (B) are ex-
pressed similarly in the stroma reaction surrounding the tumor (arrows) and around tumoral hepatocytes; C and D: α-smooth muscle actin (C) and smoothelin (D) are 
expressed by pericyte-like cells underlying capillaries between tumoral hepatocytes. 
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that myofibroblasts in cutaneous hypertrophic scars do 
not express smoothelin. In the skin, myofibroblasts are 
mostly derived from locally recruited connective tissue fi-
broblasts, which, prior to injury, do not express α-smooth 
muscle actin or smoothelin[8]. These fibroblasts, when 
transformed into myofibroblasts, express α-smooth 
muscle actin but not smoothelin. Additionally, it has 
been shown that, in hypertrophic scars, a population of  
fibrogenic circulating cells, called fibrocytes, is recruited 
and participates in scar formation[25]. Here, we showed 
that, in hypertrophic scars, myofibroblasts do not express 
smoothelin, which suggests that these myofibroblasts 
probably do not derive from local smooth muscle cells. 
However, our study showed that, in fibrotic liver diseases, 
myofibroblasts can express smoothelin. Double immu-
nofluorescence and confocal analysis confirmed the co-
expression of  α-smooth muscle actin and smoothelin in 
the same cells. This expression is stronger in parallel with 
the progression and the chronicity of  the fibrotic lesion: 
i.e., there are more smoothelin-expressing myofibroblasts 
within advanced stages of  fibrosis or cirrhosis than in the 
first stages of  fibrosis. Smoothelin expression may thus 
appear gradually during fibrosis development; therefore, 
smoothelin could represent a good marker for evaluating 
the prognosis of  liver fibrosis. In the liver, numerous cell 
types can be recruited and acquire a myofibroblastic phe-
notype; generally these are fibroblasts within the portal 
tract and hepatic stellate cells in the space of  Disse[11]. As 
shown here, these cells do not express smoothelin. How-
ever, myofibroblasts can also originate from the smooth 
muscle cells present in portal vessels and centrilobular 
veins[11], which, as described here, do express smoothelin. 
In chronic hepatic schistosomiasis, it has been suggested 
that smooth muscle cells from the artery and vein tunica 
media are involved in the portal fibrogenesis that occurs 
in this pathology[12]. In the experimental model of  por-
cine serum-induced fibrosis in rats, mesenchymal cells, 
located around the centrilobular vein, called second layer 
cells, participate in the formation of  fibrotic septa[26]. The 
expression of  smoothelin within smooth muscle cells can 
also vary. In early atherosclerotic lesions, smoothelin ex-
pression decreases in the vicinity of  the affected area[27,28]; 
however, when the plaques become “quiescent”, smooth-
elin expression can be detected again[2]. Finally, we cannot 
exclude the possibility that the expression of  smoothelin 
within septal myofibroblastic cells is a residual smooth 
muscle feature, underlining the possible smooth muscle 
cell origin of  a subpopulation of  myofibroblasts. Lastly, 
the tumoral stroma is the connective tissue surround-
ing tumoral cells[29]. No smoothelin-expressing stromal 
cells were described in published studies of  bladder 
carcinoma[21,30]. In hepatocellular carcinoma, we show 
that numerous α-smooth muscle actin expressing myofi-
broblasts in the stroma reaction also express smoothelin, 
underlining the possible smooth muscle origin of  these 
myofibroblasts. Surprisingly, we also showed that, in he-
patocellular carcinomas, cells located between endothelial 
cells and tumoral hepatocytes express α-smooth muscle 
actin and smoothelin. Pericytes and hepatic stellate cells, 

also termed liver-specific pericytes[31,32], can express α-
smooth muscle actin, but not smoothelin[2]. This pattern 
of  smoothelin expression, which was not found in the 
fibrotic liver, illustrates the complete reorganization of  
the capillarized liver sinusoids during tumor develop-
ment, with the appearance of  specific cells, and may 
represent an additional feature for diagnosing hepatocel-
lular carcinomas. In summary, we hypothesize that during 
liver fibrosis, a subpopulation of  myofibroblasts express 
smoothelin. These myofibroblasts may be derived from 
smooth muscle cells coming from vascular walls, which 
are recruited to participate in the fibrotic process. These 
cells expressing smoothelin are recruited in advanced 
stages of  cirrhosis, when a significant vascular reorgani-
zation occurs, including portovenous and arteriovenous 
shunting; therefore, smoothelin could be a useful marker 
to distinguish advanced stages of  cirrhosis. In addition, in 
hepatocellular carcinomas, smoothelin expression shows 
a very specific pattern. These data again illustrate the dif-
ferent cellular origins of  the so-called myofibroblastic 
cells involved in liver fibrogenesis. 

COMMENTS
Background
Myofibroblasts are fibrogenic and contractile cells involved in remodeling and 
healing processes. In most organs, myofibroblasts are rare in normal physi-
ological conditions. After tissue injury, myofibroblasts appear, which are derived 
from local stromal cells, such as resident fibroblasts or organ specific stromal 
cells, such as hepatic stellate cells in the liver.
Research frontiers
To explore the origin of myofibroblasts, the authors studied the expression of 
smoothelin, a constituent of the smooth muscle cell cytoskeleton, in normal and 
fibrotic livers, in hepatocellular carcinoma and in a cutaneous hypertrophic scar. 
Immunohistochemistry was used to identify smoothelin-expressing cells.
Innovations and breakthroughs
This is the first study exploring smoothelin expression in the normal liver, fibrotic 
liver and in hepatocellular carcinoma. The results show an increase in expres-
sion that correlated with the degree of fibrosis, suggesting the progressive 
involvement of resident smooth muscle cells in myofibroblast recruitment. In he-
patocellular carcinoma, smoothelin is expressed by pericyte-like cells between 
the endothelial cells of the capillaries and the tumoral cell plates.
Applications
This preliminary study underlines that tracing the origin of myofibroblasts may 
be useful to evaluate the degree of fibrosis in the liver and the level of reorgani-
zation in hepatocellular carcinomas.
Terminology
Smoothelin is a constituent of the smooth muscle cell cytoskeleton. It has been 
described as a marker of end-stage differentiation of smooth muscle cells be-
cause its expression has been found only in contractile smooth muscle cells.
Peer review
This is a good descriptive study in which the authors explore the expression 
pattern of a smooth muscle marker, smoothelin, within normal, fibrotic and 
tumoral livers, as well as in a cutaneous hypertrophic scar. The results are 
interesting and suggest that smoothelin expression increases with the degree 
of fibrosis, allowing the evaluation of the transition between fibrosis and cirrho-
sis. Moreover, in hepatocellular carcinoma, smoothelin is expressed by some 
stromal cells present beneath endothelial cells of the capillary surrounding the 
tumoral cell plates and this distinctive feature could be useful for hepatocellular 
carcinoma diagnosis.
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Abstract
AIM: To assess retrospectively the epidemiological 
and clinical aspects of cystic echinococcosis (CE) and 
to evaluate follow-up and response to treatment in pa-
tients affected by CE.

METHODS: From January 2000 to December 2010, all 
patients affected by CE at the Infectious Diseases Units 
of the University of Catania and of Basilotta Hospital in 
Nicosia-Enna, were enrolled as participants in the study. 
Epidemiological, clinical and laboratory data were col-
lected for each patient. Diagnosis of CE was performed 
using clinical imaging and laboratory parameters. Re-
sponse to treatment was categorized as follows: “cure” 
as the disappearance or complete calcification of cyst/s; 
“improvement” as a reduction in the diameter and/or 

number of existing cysts; and “impairment” as an in-
crease in the diameter and/or number of existing cyst/s 
and the onset of relapses (i.e. , the onset of new cyst/s 
and an increase in the diameter of previously existing 
cyst/s and/or complications. Immunoglobulin E (IgE) 
titers and eosinophil percentages were evaluated at di-
agnosis, at six months after the initiation of treatment 
and again in the case of relapse. Hyper-eosinophilia was 
defined as an eosinophil percentage of ≥ 6%. 

RESULTS: Thirty-two patients were diagnosed with 
CE in our Unit during the research period, with a male-
female ratio of 2:1. At the time of diagnosis, 40% of pa-
tients presented a single CE cyst. Sixty percent showed 
multi-organ involvement. The liver-lung localization ratio 
was 2:1. Patients below the age of 50 at diagnosis were 
more likely to have multiple cysts (73.7% vs  35.5%, P  
< 0.05). Regarding treatment, 30 patients were treated 
medically and 16 surgically. Fourteen patients were 
treated both medically and surgically. Relapses were 
seen to be less frequent in patients treated with alben-
dazole before and after surgery. Complete cure or an 
improvement was achieved in 23 patients. Impairment 
was observed in one patient. Two patients showed no 
improvement. Relapses were more frequent in those 
patients treated before 2005. At diagnosis, 71% of 
patients were positive for specific CE IgE, and 56.3% 
showed an eosinophil percentage of ≥ 6%. Patients 
who were diagnosed with hyper-eosinophilia developed 
complications more frequently than the other patients, 
but did not suffer relapses.

CONCLUSION: On the basis of our results, we propose 
cystic echinococcosis screening for family members of 
patients, appropriate pre- and post-surgery treatment 
and the assessment of anti-echinococcus IgE titer or 
eosinophil percentage as a therapy response marker in 
settings with limited resources.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
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Core tip: On the basis of the data presented, we sug-
gest the use of specific immunoglobulin E detection and 
eosinophil percentage counts as therapeutic response 
markers, particularly in settings with limited resources. 
We also recommend: (1) routine screening for cystic 
echinococcosis in relatives (and/or close associates) of 
patients to facilitate the diagnosis of asymptomatic in-
fection; (2) extension of the follow-up period after sur-
gical and/or medical treatment for the early diagnosis 
of relapses; and (3) appropriate pre- and post-surgery 
therapy. 

Cappello E, Cacopardo B, Caltabiano E, Li Volsi S, Chiara R, 
Sapienza M, Nigro L. Epidemiology and clinical features of cystic 
hydatidosis in Western Sicily: A ten-year review. World J Gastroen-
terol 2013; 19(48): 9351-9358  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v19/i48/9351.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i48.9351

INTRODUCTION
Human cystic echinococcosis (CE), or hydatid disease, is a 
parasitic zoonosis caused by the larval stages of  the ces-
tode Echinococcus granulosus. The definitive hosts of  this 
parasite are usually members of  the canid family, such as 
dogs, which develop the adult worm in the gut following 
ingestion of  the larvae that are present in the tissues of  
the intermediate host. Following the ingestion of  eggs 
that are expelled in the feces of  the definitive host, larval 
cysts then go on to develop in the visceral tissue of  the 
intermediate hosts (typically sheep and goats and occa-
sionally, humans), particularly in the liver and lungs.

CE is found worldwide, especially where livestock breed-
ing and farming are widespread and in areas where human, 
definitive and natural intermediate hosts are found in 
close proximity. In the human host, a hydatid cyst can 
lead to life-threatening complications, such as cyst rup-
ture, with possible anaphylactic shock, the spread of  new 
cysts, and bacterial infection. In Italy, Sicily is one of  the 
most endemic areas for CE because of  the high levels of  
farming and livestock breeding, with an average annual 
incidence of  3.2/100000 inhabitants[1]. CE is often under-
diagnosed because it is frequently a silent condition that 
develops over several years and whose symptoms are only 
apparent when compression of  internal organs occurs.

The aim of  this study was to assess retrospectively the 
epidemiological and clinical characteristics of  CE, and 
evaluate follow-up and response to treatment in patients af-
fected by this disease.

MATERIALS AND METHODS
From January 2000 to December 2010 all CE patients 

admitted to the Infectious Diseases Units of  the Univer-
sity of  Catania and of  Basilotta Hospital in Nicosia-Enna 
were enrolled as participants in the study. Epidemiological, 
clinical and laboratory data were collected from the clini-
cal records of  each patient. Diagnosis of  CE was made 
using clinical, imaging and laboratory parameters.

Epidemiological data included sex, age, race, job, place 
of  residence, possible contact with stray dogs or hunting 
dogs, countryside activities, hunting and presence of  other 
people in the family affected by CE. Patients were classi-
fied as being “exposed” or “not exposed” to CE on the 
basis of  occupation and recreational activities potentially 
at risk of  acquiring CE. Chest X-ray and abdominal ul-
trasound provided the parameters for an initial diagnosis 
of  CE. None of  the patients enrolled in this study were 
assessed using high-sensitivity tests, such as specific anti-
Echinococcus immunoglobulin E (IgE)-ELISA Immuno-
CAP or on the basis of  micro/macroscopic morphology 
alone. Serum alanine aminotransferase (ALT), gamma-
glutamyl transpeptidase (gamma-GT) and alkaline phos-
phatase (ALP) values were also collected. 

Where appropriate, treatment consisted of  albendazole 
at a dosage of  10-15 mg per kg per day, administered in two 
separate doses, each individual course of  treatment lasting 
up to 3 mo. Ultrasound and X-ray assessed the response 
to treatment after 1 year. A complete “cure” was defined 
as the disappearance or the complete calcification of  the 
cyst/s, thereby rendering them non-viable. “Improvement” 
was defined as a reduction in the diameter and/or number 
of  cysts and/or partial calcification, and “impairment” as 
an increase in the diameter and/or number of  cyst/s and 
the onset of  relapses and/or complications. A “relapse” 
was defined as the onset of  new cyst/s (regardless of  lo-
cation) and/or an increase in diameter of  previously exist-
ing cyst/s.

Response to treatment was recorded together with de-
tails of  any adverse events, the severity of  such events and 
any further complications. Correlations between side effects 
and albendazole treatment were assessed using the Naranjo 
algorithm[2]. Side effect severity was measured using the 
FDA drug reaction severity scale[3]. 

As the average time before relapse was observed to be 
30 ± 6.4 mo, for the purposes of  calculating the relapse 
rate, the decision was made to include only those patients 
diagnosed before 2008. IgE titers were evaluated at diag-
nosis, at six months after beginning treatment and again in 
the case of  relapse. Eosinophil percentages were evaluated 
at diagnosis and six mo after starting treatment. Hyper-
eosinophilia was defined as an eosinophil percentage of  
≥ 6%. 

Ethics statement
This study was conducted in accordance with the prin-
ciples expressed in the Declaration of  Helsinki. The Eth-
ics Committee of  the University of  Catania approved the 
study. All patients provided written informed consent for 
their data to be analyzed.

Statistical analysis
Anti-echinococcus IgE was performed using ELISA Immu-
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Table 1  Main characteristics of the 32 patients affected by 
cystic echinococcosis  n  (%)

no-CAP (Phadia AB, Uppsala). Inferential statistical analysis 
was conducted using the χ 2 test with Yates’ correction, 
Fishers’ exact test, Mann-Whitney’s U test and Student’s 
t-test.

RESULTS
Gender and age 
Thirty-two patients were diagnosed with CE in the course 
of  this study, of  whom 21 were male and 11 were female, 
with a male-female ratio of  2:1. Their median age was 46 
± 16.5 years.

Risk factors
Fourteen patients, (43.7%) were classified as having been 
exposed to CE. In 12 of  these cases (85.7%), exposure 
was a result of  occupation (dog or cattle breeders, farm-
ers, butchers, veterinarians), and in two cases (14.2%) 
exposure occurred during recreational activities (hunting). 
A strong correlation was observed between exposure to 
risk factors and the presence of  other subjects affected 
by CE in the patients’ extended families (Figure 1A). Co-
morbidities were observed in 17 (53.1%) patients, hy-
pertension in nine, diabetes in four, chronic pulmonary 
diseases in two, hepatitis B in one and hepatitis C in one.

Diagnosis and localization
CE was detected in 16 patients (50%) by abdominal ultra-
sound, and in nine (28.1%) by chest X-ray, though in some 
cases diagnostic examinations were not carried out di-
rectly in the two units involved in the study. When diag-
nosed, 13 patients (40%) were observed as having a sin-
gle hydatid cyst either in the liver (nine patients) or in the 
lung (four patients). Nineteen patients (60%) presented 

multiple cysts with multi-organ involvement. Multiple 
cysts were observed more frequently (73.7% vs 35.5%, P 
< 0.05) in patients below 50 years of  age at the time of  
diagnosis (Figure 1B). When diagnosed, 24 patients (75%) 
were symptomatic, the most frequent symptom being a 
dry cough. The liver-lung cyst localization ratio was 1.8:1 
and although pulmonary cysts tended to be more fre-
quently symptomatic than hepatic cysts, this difference 
was not significant (Figure 1C).

Medical and surgical treatment
Thirty patients were treated medically, receiving an aver-
age of  two cycles of  albendazole (6 mo treatment; in-
terquartile range of  two to four cycles). Sixteen patients 
were treated surgically, while 14 patients were treated 
both medically and surgically. Table 1 summarizes the 
main characteristics of  the 32 patients affected by CE. 
Of  the 30 medically treated patients, 10 developed se-
vere adverse events: leukopenia was observed in four 
patients, pancytopenia in one patient, and an increase 
in ALT levels in five patients (for three of  whom it re-
sulted in the discontinuation of  treatment). Gamma-
GT and ALP levels were monitored during albendazole 
treatment and were found to be normal. The onset of  
adverse events was not related to ALT levels observed 
before treatment with albendazole. Of  the 30 patients 
treated with albendazole alone or in combination with 
surgery, 23 had either a complete cure of  CE (disappear-
ance or calcification of  cysts) or an improvement (reduc-
tion in either the number or size of  cysts). An increase 
in cyst diameter (impairment) was observed in one pa-
tient. Four patients could not be evaluated for response 
to treatment because the cysts were surgically removed 
immediately after therapy. Two patients showed no im-
provement.

Relapses
Of  the 21 patients diagnosed before 2005, five patients 
(23.8%) relapsed. Relapses tended to be more frequent 
in patients that were treated with albendazole before sur-
gical treatment alone than in those treated both before 
and after surgery, although this difference was not statis-
tically significant (Figure 1D).

Complications
Complications were observed in six patients (18.8%), these 
being cyst rupture, mostly traumatic, in five cases and bac-
terial infection in one case.

Specific IgE and eosinophil cell count
At diagnosis, 71% of  patients were positive for specific 
CE IgE. The median value of  anti-echinococcus IgE 
titer was 16 kUA/L (25th percentile = 2; 75th percentile 
= 24.3; min = 0; max = 34). Six months after beginning 
treatment with albendazole, 60% of  patients were posi-
tive for specific IgE. A significant reduction in anti-echi-
nococcus IgE titer values was also observed (IgE titer 
median = 1.2; 25th percentile = 0.75; 75th percentile = 9.5; 
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Characteristics Value

Age (yr)
   Median (range)    46 ± 16.5
Sex
   Male    21 (65.7)
   Female    11 (34.3)
Risk factors  
   Exposed    14 (43.7)
   Not exposed    18 (56.3)
Comorbidities 
   Affected    17 (53.1)
   Not affected    15 (46.9)
Diagnosis  
   Abdominal ultrasound 16 (50)
   Chest X-ray      9 (28.1)
   Unknown      7 (21.9)
Hydatid cyst 
   Single 13 (40)
   Multiple 18 (60)
Treatment 
   Medical    30 (93.5)
   Surgical 16 (50)
   Medical/surgical    14 (46.8)
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min = 0; max = 369, P < 0.05). In cases of  recurrence (five 
patients), the median value of  anti-echinococcus IgE titer 
was 22 kUA/L (25th percentile = 4.93; 75th percentile = 
38.5; min = 1.24; max = 42).

An eosinophil percentage of  ≥ 6% was observed in 18 
patients (56.3%) at diagnosis. After 6 mo of  albendazole 

treatment, a significant reduction in eosinophil count was 
observed, with only three patients (12%) showing more 
than 6%. The median percentage value at diagnosis was 
5% (25th percentile = 3; 75th percentile = 9; min = 0; max = 
35.2), while 6 mo after beginning treatment with albenda-
zole this has fallen to 2% (25th percentile = 1; 75th percentile 

9354 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

Symptoms

No symptoms

Complications

No complications

100

80

60

40

20

0

%
pa

tie
nt

s

< 6%

100%

33.4%

66.6%

> 6%

Relapses

No relapses

100

80

60

40

20

0

%
pa

tie
nt

s

Pre-surgery

40%

60%

25%

75%

Pre-e post-surgery

Albendazole treatment

100

80

60

40

20

0

%
pa

tie
nt

s

Chest cyst

16.6%

83.3% 70.5%

29.4%

Liver cyst

100

80

60

40

20

0

%
pa

tie
nt

s

< 50 yr

26.3%

73.7%

P < 0.05

38.5%

61.5%

> 50 yr

Multiple

Single

CE present in relatives

CE not present in relatives

100

80

60

40

20

0

%
pa

tie
nt

s

Not exposed Exposed

11.8%

88.2%

60%

40%
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= 3; min = 0.75; max = 12), with a highly significant differ-
ence in titres registered at these two times (P < 0.001).

Patients with hyper-eosinophilia at diagnosis developed 
complications, but not relapses, more frequently than other 
patients (33.4% vs 0%, P < 0.05) (Figure 1E). Patients with 
positive specific IgE results at diagnosis had a higher me-
dian eosinophil count than those with negative specific IgE. 

DISCUSSION
As hydatid cysts usually develop slowly, CE is often an 
under-diagnosed (and consequently under-treated) disease. 
It is often difficult to assess its prevalence in a given area. 
The aim of  this study was to assess the epidemiologi-
cal and clinical characteristics of  CE and to evaluate re-
sponses to therapy and follow-up by analyzing patterns in 
patients affected by the disease admitted to two Infectious 
Diseases Departments from 2000 to 2010.

Gender and age
During the ten-year observation period, 32 patients were 
diagnosed with CE, with a male/female ratio of  1.8/1. 
This ratio is comparable with that reported in other en-
demic areas and perhaps reflects the more frequent oc-
cupational exposure of  males to the risk of  infection[4-7]. 
The slow development of  hydatid cysts, the nature of  
the host’s immune response, and the structure of  the 
most typically affected tissues, may all contribute to late 
diagnosis[6,7].

Risk factors
Of  the total number of  patients, 43% were classified as 
having been exposed to CE through specific risk factors. 
This is probably caused by the sharing of  occupational 
and/or recreational risk factors among patients and their 
relatives. It is, therefore, crucial to evaluate patient expo-
sure in family contexts and suggest CE screening for rela-
tives and co-workers.

Diagnosis and localization
Abdominal ultrasound was used as the primary diagnostic 
tool for 50% of  patients. Ultrasound is widely considered 
one of  the best hepatic diagnostic tools for CE, as it al-
lows diagnosis even before the evidence of  an increase 
in specific IgE antibodies[8,9]. In addition, abdominal ul-
trasound is fundamental for the staging of  hepatic CE 
purposes and for establishing appropriate treatment op-
tions[10,11]. At the time of  diagnosis, 60% of  patients had 
multiple cysts. Those below the age of  50 were more likely 
to have multiple cysts (P < 0.05) than those diagnosed 
later. This probably reflected the fact that multiple cysts 
tend to become more symptomatic than single cysts.

In other studies, the majority of  CE patients diag-
nosed during non-hospital based screening programs in 
endemic areas did not present any symptoms of  CE[12]. 
By contrast, our patients presented CE-related symptoms 
in 75% of  cases. This may reflect the higher probability 
that an already symptomatic patient is more likely to be 

referred to a hospital for investigation and/or treatment. 
In addition, a higher percentage of  symptomatic patients 
was observed among patients affected by pulmonary-CE 
compared with hepatic-CE. This may be because hepatic 
hydatid cysts can grow for many years before symptom 
onset, while the symptoms of  pulmonary CE tend to be 
more evident. Screening programs in endemic areas show 
a prevalence of  hepatic-CE that is higher than pulmonary-
CE, with a liver:chest localization ratio of  6-12:1[12]. In 
the patients of  this study, the ratio was around 2.5:1, thus 
confirming the greater probability of  finding cases of  pul-
monary-CE rather than hepatic CE in a hospital setting[12].

Medical and surgical treatment
The patients in this study were given albendazole in 93.8% 
of  cases, with an average treatment duration of  6 mo and 
a maximum of  120 mo in one patient affected by non-
surgical multi-organ CE. Studies have shown that Alben-
dazole is more effective than mebendazole in the treat-
ment of  CE[13]. Some studies suggest treating CE patients 
with albendazole for no less than 3 mo. but no longer 
than 6 mo, longer treatment being offered only to patients 
with non-abdominal and non-pulmonary CE[14,15].

Response to medical treatment was evaluated by means 
of  ultrasound and X-ray, performed 1 year after beginning 
of  therapy with albendazole. A complete cure (disap-
pearance or calcification of  cysts) or improvement (re-
duction in number or size of  cysts) was achieved in 76% 
of  patients treated with albendazole alone or in com-
bination with surgery. This confirmed the results from 
other studies conducted on around 2000 CE patients 
treated with benzimidazoles, which showed a response 
to therapy of  50%-70% after a 12-mo follow-up[16-18]. 
Albendazole-related adverse events are usually self-limiting 
and rarely severe. However, in CE, factors such as the 
longer period of  treatment needed, the frequently older 
age of  patients and drug-cyst interaction, may lead to 
higher occurrence and severity[17-20]. One third of  the pa-
tients in the current study developed moderate to severe 
adverse events. In three of  the five hypertransaminas-
emia cases, this led to the discontinuation of  treatment 
with this drug. Similarly, in a study carried out by Gil-
Grande et al[15], 10%-20% of  CE patients were seen to 
develop hypertransaminasemia, which was always revers-
ible after drug discontinuation or during the pauses be-
tween albendazole cycles[13-19].

The surgical treatment of  CE can potentially lead to 
a complete cure of  the disease and is indicated in the fol-
lowing cases: for the removal of  large cysts with multiple 
daughter vesicles; for cysts exerting pressure on adjacent 
vital organs; in the case of  cysts communicating with the 
biliary tree (as an alternative to percutaneous treatments or 
PTs); or where there are single superficial liver cysts and 
infected cysts (when PTs are not possible). In non-surgical 
cases, alternative techniques such as Puncture Aspiration 
Injection Respiration (PAIR) can be considered[6]. In our 
study, 50% of  the patients were surgically treated, but only 
half  of  these cases were given albendazole both pre- and 
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post-surgery. The WHO recommendations stipulate that 
albendazole should be given at least 4 d before surgery 
and for 3 mo following surgery[20]. Other studies suggest 
that a 3 mo albendazole cycle before surgery is more ef-
fective in reducing cyst vitality, rather than treatment for 
only 4 d or even one mo[15]. Appropriate post-surgical al-
bendazole therapy has also been observed to prevent CE 
relapses because of  surgical dissemination[13-24].

Relapses
Among the patients of  this study, 60% of  those treated 
with albendazole before surgery alone suffered a relapse, 
compared to only 25% of  those treated both before 
and after surgery. This suggests that appropriate medical 
therapy offered to the patient both pre- and post-surgery 
is necessary.

The literature reports a relapse incidence in the treat-
ment of  CE of  between 0% and 30%, with an average 
time for the onset of  relapse symptoms of  3-4 years[21]. 
The patients in this study developed symptomatic relapses, 
hepatic in 80% of  cases and pulmonary in 20% of  cases, 
in an average time of  20.7 mo after the cessation of  treat-
ment or following surgery, with a relapse rate of  23.8%.

Complications
Six of  the patients in this study (18.8%) developed com-
plications, these being bacterial super-infection of  a cyst 
in one case and cyst rupture (mostly traumatic and easily 
managed using a surgical approach) in five cases. The 
most frequent complication reported in CE endemic 
areas is cyst rupture into the biliary tree (5%-17%), fol-
lowed by super-infection (5.1%)[25,26].

Specific IgE and eosinophil cell count
ELISA for specific anti-echinococcus IgG and IgE titer 
detection is frequently used in CE serological diagnosis 
and screening, as it requires a short preparation time, has 
a relatively limited cost, and shows a sensitivity and spec-
ificity of  95%[27-30]. In our study, at the time of  diagnosis, 
71% of  patients were positive for specific CE IgE, with 
a median titer of  16 kUA/ which dropped significantly 
to 1.2 kUA/ (with 60% of  positive specific IgE patients) 
6 mo after beginning treatment with albendazole. This 
confirmed that monitoring IgE titer variation over time 
is likely to be more helpful in evaluating CE activity than 
considering single absolute values[31]. However, it should 
be noted that fluctuations in specific IgE titer that are 
unrelated to the clinical stage of  the disease are possible. 
Extremely prolonged positivity (e.g., 3-7 years) is possible 
even after surgical cyst treatment[32-34]. Persistence of  high 
specific IgE titer beyond 3-7 years usually indicates the 
onset of  a relapse. This appeared to be confirmed by the 
patients of  this study that developed relapses: their me-
dian specific IgE value was 22 kUA/ at the time of  relapse 
diagnosis[32-34]. On this basis, it is possible to claim that in 
CE-affected patients, specific IgE titer detection can be 
considered as a useful tool in post-therapeutic follow-up 
to predict cure and eventual relapse.

In the literature, CE diagnosis and follow-up eosino-
phil cell counts have usually been considered of  limited 
value because it is significantly high in no more than 
half  of  CE affected patients, as confirmed in our own 
study[4]. In this study, although 56.3% of  patients pre-
sented a percentage value of  eosinophils ≥ 6% (defined 
as hyper-eosinophilia) at diagnosis, six months after begin-
ning treatment with albendazole, only 12% of  patients 
continued to display hyper-eosinophilia. At diagnosis, the 
median percentage value of  eosinophils was 5%; how-
ever, 6 mo after beginning treatment with albendazole, 
this value had dropped to 2%. This significant difference 
in titers registered at the two different times (P < 0.001) 
may be a result of  the positive response to therapy ob-
tained in the majority of  patients. Finally, we observed 
that patients with positive specific IgE at diagnosis had 
a higher median eosinophil percentage than those with 
negative specific IgE (P < 0.05). This suggested that, in 
settings with limited resources, or where specific IgE de-
tection is not feasible, eosinophil percentage value at diag-
nosis could be used as an effective tool for post-therapeutic 
follow-up, to assess the response to therapy and as an aid in 
patient prognosis.

In conclusion, on the basis of  our data, three main 
proposals can be made. Firstly, we advocate the routine 
screening for CE in relatives (and/or close associates) 
of  patients classified as being exposed to CE in set-
tings where this is feasible. We also recommend the use 
of  anti-echinococcus IgE titer as a response marker of  
albendazole therapy (in low resource settings this could 
be replaced by eosinophil percentage value). Our results 
also highlight the need for an extended and well managed 
period of  follow-up after surgical and/or medical therapy, 
as indicated by the average time for the onset of  relapse, 
which in our patients was about 2 years. Finally, while the 
surgical approach remains the first-line treatment in most 
CE cases, appropriate medical therapy before and after 
surgery should also be considered a useful tool to reduce 
the incidence of  relapse[35].

COMMENTS
Background
Endemic in sheep raising areas, cystic echinococcosis (CE) is a neglected dis-
ease. This neglect is also reflected in the clinical management of CE, which has 
evolved over the last few decades with little or no comparative evaluation of the 
efficacy, effectiveness, rate of adverse events and relapse rates. In addition, 
CE is often under-diagnosed as it is frequently undetected, developing over the 
course of several years.
Research frontiers
On the basis of their data, some proposal can be made: (1) routine screening 
for CE in relatives (and/or close associates) of patients exposed, according to 
occupation and recreational activities, who are potentially at risk for acquiring 
CE, to speed up CE diagnosis; (2) extended and manage the period of follow-
up after surgical and/or medical therapy to avoid late CE relapse diagnosis; and 
(3) administer appropriate medical therapy before and after surgery to reduce 
the incidence of relapse.
Innovations and breakthroughs
These findings suggest that anti-echinococcus immunoglobulin E (IgE) titer 
may be successfully replaced by eosinophil percentage count in low resource 
settings as a marker of response to therapy.
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Applications 
Cystic echinococcosis is a helminthic zoonosis that can affect humans, most fre-
quently involving the liver or the lungs. Symptoms typically show themselves only 
when the compression of internal organs occurs. In humans, the natural history of 
CE can lead to life-threatening complications, such as cyst rupture (with possible 
anaphylactic shock), the spread of new cysts, and bacterial infection.
Terminology
Cystic echinococcosis is a helminthic zoonosis that can affect human beings, 
most frequently involving the liver or the lungs, showing symptoms only when 
the compression of internal organs occurs. In humans, the natural history of CE 
can lead to life-threatening complications, such as cyst rupture, with possible 
anaphylactic shock, the spread of new cysts, and bacterial infection. 
Peer review
Cystic echinococcosis is a helminthic zoonosis that can affect humans, most fre-
quently involving the liver or the lungs. Symptoms typically show themselves only 
when the compression of internal organs occurs. In humans, the natural history of 
CE can lead to life-threatening complications, such as cyst rupture (with possible 
anaphylactic shock), the spread of new cysts, and bacterial infection.
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Abstract
AIM: To determine the incidence and characteristics of 
intestinal and extra-intestinal cancers among patients 
with inflammatory bowel disease in a Spanish hospital 
and to compare them with those of the local population.

METHODS: This was a prospective, observational, 
7-year follow-up, cohort study. Cumulative incidence, 
incidence rates based on person-years of follow-up and 
relative risk were calculated for patients with inflamma-
tory bowel disease and compared with the background 
population. The incidence of cancer was determined 
using a hospital-based data registry from Hospital Uni-
versitario de Fuenlabrada. Demographic data and de-
tails about time from diagnosis of inflammatory bowel 
disease to occurrence of cancer, disease extent, inflam-
matory bowel disease treatment, cancer therapy and 
cancer evolution were also collected in the inflamma-
tory bowel disease cohort.

RESULTS: Eighteen of 590 patients with inflammatory 
bowel disease developed cancer [cumulative incidence 
= 3% (95%CI: 1.58-4.52) vs  2% (95%CI: 1.99-2.11) 
in the background population; RR = 1.5; 95%CI: 
0.97-2.29]. The cancer incidence among inflammatory 
bowel disease patients was 0.53% (95%CI: 0.32-0.84) 
per patient-year of follow-up. Patients with inflamma-
tory bowel disease had a significantly increased rela-
tive risk of urothelial carcinoma (RR = 5.23, 95%CI: 
1.95-13.87), appendiceal mucinous cystadenoma (RR = 
36.6, 95%CI: 7.92-138.4), neuroendocrine carcinoma 
(RR = 13.1, 95%CI: 1.82-29.7) and rectal carcinoid (RR 
= 8.94, 95%CI: 1.18-59.7). Colorectal cancer cases 
were not found.

CONCLUSION: The overall risk of cancer did not sig-
nificantly increase in our inflammatory bowel disease 
patients. However, there was an increased risk of uri-
nary bladder cancer and, with less statistical power, an 
increased risk of appendiceal mucinous cystadenoma 
and of neuroendocrine tumors. Colorectal cancer risk 
was low in our series.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Extra-intestinal cancer; Inflammatory bowel 
disease; Cancer risk; Background population; Urothelial 
carcinoma; Appendiceal mucinous cystadenoma; Neu-
roendocrine carcinoma; Rectal carcinoid

Core tip: Several studies have reported increased rates 
of colorectal cancer in patients with inflammatory bowel 
diseases but limited data are available regarding inci-
dence of extraintestinal malignancies in these patients. 
The present study demonstrates a higher risk of urinary 
bladder cancer, mucinous cystadenoma of the appendix 
and of neuroendocrine tumors, and a low colorectal 
cancer risk, in patients with inflammatory bowel dis-
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ease in our environment. We raised the question of 
whether current cancer screening strategies need to 
be reviewed and adapted to the characteristics of each 
patient. 

Algaba A, Guerra I, Castaño Á, de la Poza G, Castellano VM, 
López M, Bermejo F. Risk of cancer, with special reference to ex-
tra-intestinal malignancies, in patients with inflammatory bowel 
disease. World J Gastroenterol 2013; 19(48): 9359-9365  Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i48/9359.htm  DOI: http://dx.doi.org/10.3748/wjg.v19.i48.9359

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic condition 
that involves several portions of  the gastrointestinal tract 
and includes periods of  activity of  variable severity. This 
pathology can be associated with involvement of  other 
organs in 35% of  patients with IBD, with rheumatologic, 
ophthalmologic and dermatologic disorders being the 
most common extra-intestinal manifestations[1,2].

To date, a number of  studies have reported increased 
rates of  colorectal cancer (CRC) in patients with IBD[3-8]. 
The reported risk varies widely between studies due to 
the different methodologies used. The current trend 
published in the most recent studies suggests a lower rate 
of  CRC than previously described[9]. The location and 
duration of  IBD[6-12], as well as previous family history 
of  CRC[13,14] and primary sclerosing cholangitis[15,16], have 
been described as determinant factors associated with 
CRC. Additionally, the severity of  chronic inflammation 
of  the colon is another important risk factor for this kind 
of  cancer in patients with both ulcerative colitis (UC) and 
Crohn’s disease (CD)[17,18]. IBD-specific and non-IBD 
specific medications have also been associated with an 
increased or decreased risk of  CRC[19,20].

On the other hand, limited and disparate data are 
available for incidences of  extra-intestinal malignancy in 
these patients[21-24]. In addition, several of  these studies 
are not population based, or have retrospective designs. 
Other studies only contain information on cumulative 
cancer risk or represent select populations. 

We present a prospective, cohort study designed to 
determine the incidence and characteristics of  intestinal 
and extra-intestinal cancers among patients with IBD in 
our environment and to compare these incidences with 
those of  the local population.

MATERIALS AND METHODS
Patients and design
This was a prospective, observational, 7-year follow-up, 
cohort study. We identified all cases of  cancer observed 
between January 2005 to the end of  December 2011 in 
a cohort of  patients diagnosed with IBD in our hospital 
(n = 590). Diagnosis of  IBD was confirmed by routine 
clinical, radiological, endoscopic and histological cri-

teria[25]. The incidence and characteristics of  intestinal 
and extra-intestinal cancers were obtained in the IBD 
group and were compared to those of  the background 
population (n = 222219). The incidence of  cancer in our 
population was determined using a hospital-based data 
registry from Hospital Universitario de Fuenlabrada. 
This registry contains all cases of  cancer diagnosed and/
or treated in a 7-year follow-up period in the patients 
of  our area. In each case, cancer was confirmed by a 
pathologist who classified the lesions according to the 
International Classification of  Diseases for Oncology 
(ICD-O-3 histology codes). 

Demographic data and details of  time from diagno-
sis of  IBD to occurrence of  cancer, disease extent ac-
cording to the Montreal Classification[26], IBD treatment, 
cancer therapy and cancer evolution were also collected 
in the IBD cohort. The study was approved by the Re-
search Ethics Committee at Hospital Universitario de 
Fuenlabrada.

Statistical analysis
The descriptive analysis of  quantitative variables calcu-
lated the mean and standard deviation or median and 
interquartile range (IQR) depending on whether or not 
the data were normally distributed. Qualitative variables 
were expressed as percentages with 95%CI. Cumulative 
incidences for each cancer were calculated for patients 
with IBD and compared with the background local 
population. The incidence rates based on person-years 
of  follow-up and relative risk (RR) with 95%CI were also 
analysed. Analysis was performed assuming that the IBD 
cohort had the same risk of  developing malignancies as 
the general population.

RESULTS
Eighteen of  590 patients with IBD were diagnosed with 
cancer between 2005 and 2011 in our hospital. The clini-
cal and demographic characteristics of  all patients with 
IBD are shown in Table 1. The cumulative incidence 
of  cancer was 3% (95%CI: 1.58-4.52) vs 2% (95%CI: 
1.99-2.11) in the local population; RR = 1.5; 95%CI: 
0.97-2.29. The mean age in IBD patients with a diagnosis 
of  cancer was 49.9 ± 11.9 years; 61.1% were males. In 
the cohort of  patients with IBD, 9 had CD (50%) and 9 
UC (50%). The clinical characteristics of  these patients 
are shown in Table 2. By type of  IBD, the cumulative 
incidence was 2.8% (95%CI: 0.86-4.84) for CD vs 3.5% 
(95%CI: 1.06-5.92) for UC patients. At the time of  can-
cer diagnosis, 33% of  patients were being treated with 
thiopurines [median duration of  treatment was 6 mo 
(IQR 2.4-27)], and one patient (6%) was on anti-tumour 
necrosis factor-alpha therapy (39 mo of  treatment with 
adalimumab). The median time from IBD diagnosis to 
cancer development was 54 mo (IQR 21-111). The can-
cer incidence among IBD patients was 0.53% (95%CI: 
0.32-0.84) per patient-year of  follow-up.

Ten different kinds of  cancers were identified. The 
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specific types of  cancer observed in the cohort of  IBD 
patients are shown in Table 3. Compared with the lo-
cal population, patients with IBD had a significantly 
increased RR of  urothelial carcinoma, mucinous cystad-
enoma of  the appendix, neuroendocrine carcinoma and 
rectal carcinoid (Table 4). The RR of  breast, skin, stom-
ach, pancreas, lung and liver cancers were not significantly 
different with respect to the background local population 
(Table 4). CRC diagnoses were not found, and only two 
patients had biopsies with low grade dysplasia despite 
dysplasia screening by colonoscopy being performed fol-
lowing standard recommendations[27]. 

All patients with a diagnosis of  urinary bladder can-
cer were men: 2 UC and 2 CD, 1 smoker and 3 former 
smokers. All patients with breast cancer had a previous 
family history (none of  the remaining patients had family 
history for other types of  tumours). 

Regarding the evolution of  cancer, 16 of  the 18 pa-
tients diagnosed with cancer (88.9%) needed oncological 
surgery and 27.7% (n = 7) were treated with chemo-
therapy or radiation therapy. Treatment was maintained 
in 50% of  patients on thiopurines at the time of  their 
cancer diagnosis. In the remaining patients, immunosup-
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  Clinical features Value

  Age (yr, mean ± SD)       43.4 ± 13.8
  Gender
     Female   305 (51.70)
     Male 285 (48.3)
  Type of IBD
     CD   313 (53.05)
     UC   256 (43.39)
     IBDU   21 (3.56)
  Disease extension (UC)1

     Proctitis     61 (23.83)
     Left-sided colitis   124 (48.44)
     Pancolitis     71 (27.82)
  Age at diagnosis (CD)1

     A1 < 17   24 (7.67)
     A2 17-40   208 (66.45)
     A3 > 40     81 (25.88)
  Disease location (CD)1

     L1 ileal   112 (35.78)
     L2 colic     76 (24.28)
     L3 ileocolic   111 (35.46)
     L4 upper gastrointestinal tract     6 (1.92)
     L1 + L4     5 (1.60)
     L3 + L4     3 (0.96)
  Behaviour (CD)1

     B1 non-stricturing non-penetrating   179 (57.19)
     B2 stricturing   30 (9.58)
     B3 penetrating     41 (13.10)
     B1 + perianal disease     51 (16.29)
     B2 + perianal disease     1 (0.32)
     B3 + perianal disease   11 (3.52)
  Immunosuppressive or biological treatment
     Thiopurines   259 (43.90)
     Anti-TNF-α drugs     84 (14.23)

Table 1  Clinical features of the total studied inflammatory 
bowel disease patients  n  (%)

1In accordance with the Montreal classification. IBD: Inflammatory bowel 
disease; IBDU: Inflammatory bowel disease type unclassified; CD: Crohn's 
disease; UC: Ulcerative colitis.

  Features Value

  Disease extension (UC)1

     Proctitis 1 (11.1)
     Left-sided colitis   4 (44.45)
     Pancolitis   4 (44.45)
  Age at diagnosis (CD)1

     A2 17-40   8 (88.89)
     A3 > 40   1 (11.11)
  Disease location (CD)1

     L1 ileal   4 (44.45)
     L2 colic   2 (22.22)
     L3 ileocolic   2 (22.22)
     L3 + L4 upper gastrointestinal tract   1 (11.11)
  Behaviour (CD)1

     B1 non-stricturing non-penetrating   7 (77.78)
     B2 stricturing   1 (11.11)
     B1 + perianal disease   1 (11.11)
  Treatment at time of cancer diagnosis  
     Aminosalicylates 10 (55.56)
     Thiopurines   6 (33.34)
     Anti-TNF-α drugs 1 (5.55)
     Nonspecific inflammatory bowel 
     disease treatment 

1 (5.55)

  Immunosuppressive or biological 
  treatment previous cancer diagnosis
     Thiopurines 1 (5.55)
     Anti-TNF-α drugs 1 (5.55)

Table 2  Clinical features of the cohort of patients with 
inflammatory bowel disease and cancer diagnosis  n  (%)

pressive therapy was withdrawn and in only one of  them 
was thiopurine therapy reintroduced three years later in 
agreement with the oncologist’s recommendations. An 
association between thiopurine treatment and malignancy 
risk was not found. Adalimumab treatment was also with-
drawn after the cancer diagnosis. Patients were followed 
up for an average of  3.5 ± 2.3 years from tumour diagno-
sis. During this period, two patients died (11.1%) due to 
cancer (patients with lung and liver cancer diagnoses) and 
3 (16.7%) had tumour recurrence.

DISCUSSION
The present cohort study of  patients with IBD revealed 

1In accordance with the Montreal classification. CD: Crohn's disease; UC: 
Ulcerative colitis; TNF-α: Tumor necrosis factor α.

  Location n Histological type

  Urinary bladder 4 Urothelial carcinoma
  Breast 3 Carcinoma
  Skin 1 Melanoma

2 Basal cell carcinoma
  Appendix 2 Mucinous cystadenoma
  Stomach 1 Adenocarcinoma
  Pancreas 1 Adenocarcinoma
  Lung 1 Adenocarcinoma
  Liver 1 Hepatocellular carcinoma
  Small intestine 1 Neuroendocrine carcinoma
  Rectum 1 Carcinoid

Table 3  Specific cancers diagnosed in the cohort of patients 
with inflammatory bowel disease between 2005 and 2011

Algaba A et al . Cancer in inflammatory bowel disease patients
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the meta-analysis carried out by Pedersen et al[23].
Mucocele of  the appendix is a rare group of  lesions 

that includes four histological types: retention cyst, mu-
cosal hyperplasia, cystadenoma and cystadenocarcinoma. 
In our study, IBD patients were at an increased risk of  
mucinous cystadenoma of  the appendix. Although a 
causal relationship between IBD and this type of  mu-
cocele cancer is still being elucidated, some authors have 
suggested that obstruction of  the appendiceal orifice 
might play a role in the development of  appendiceal mu-
cocele. This obstruction could be due to inflammation by 
IBD or associated with colorectal neoplasm[34-36]. 

Several publications suggest that appendectomy ap-
pears to reduce the extent and recurrence of  UC and is 
associated with a less severe course of  this pathology[37,38]. 
These findings could support the hypothesis that an ap-
pendicectomy related to mucinous cystadenoma diagno-
sis may have a secondary beneficial effect on the severity 
and the course of  UC. In contrast, data regarding CD pa-
tients are controversial[39,40]. In our series, the two patients 
with mucocele of  the appendix had CD and ileocolic 
involvement. 

The present study also identified one case of  neu-
roendocrine carcinoma of  the small intestine and one 
carcinoid of  the rectum. Carcinoids and, in particular, 
neuroendocrine neoplasms other than carcinoids are 
uncommon tumours and are infrequently described in 
UC and CD. Some authors suggest that a permanent 
inflammation at the level of  the colon could increase the 
number of  neuroendocrine cells and help the develop-
ment of  this kind of  neoplasm[41]. Greenstein et al[42] 
included eleven patients with IBD-associated carcinoid 
tumours (11 in the appendix, 2 in the ileum). They found 
that all carcinoids were diagnosed incidentally after sur-
gery for IBD. These findings are consistent with our 
results, in which the patient was diagnosed with carcinoid 
of  the rectum during a colectomy. Sigel et al[43] evalu-
ated 14 cases of  neuroendocrine neoplasms. All of  the 
tumours arose in areas with IBD involvement. Tumour 
sites were the rectum (6 cases), appendix (4 cases), small 
bowel (2 cases) and sigmoid colon (2 cases). Conversely, 
in our case, the patient with neuroendocrine carcinoma 
of  the small intestine had UC (extensive colitis) without 
ileum involvement. 

Concerning the IBD-specific medications, it has been 
reported that patients with IBD who receive thiopurines 
are at increased risk of  non-melanoma skin cancer or 
lymphoproliferative disorders[44,45]. However, data about 
other malignancies are less clear. Moreover, studies in 
patients taking azathioprine for a long time are scarce. In 
the present study, a possible effect of  thiopurines on the 
risk of  extra-colonic cancer was evaluated but a clear as-
sociation between variables was not found; this probably 
could be due to the small size of  our series and the short 
period of  treatment.

A higher RR of  CRC has been described in patients 
with IBD[5,7,46]. However, in the present study, CRC was 
not found despite dysplasia screening by colonoscopy. 
These data are consistent with current publications 

that the overall risk of  cancer did not significantly in-
crease in our IBD patients compared to the background 
population. However, the study found patients with IBD 
to have an increased risk of  developing urothelial carci-
noma and, with less statistical power, an increased risk of  
mucinous cystadenoma and neuroendocrine tumours. 

The results obtained in our population regarding 
overall risk of  cancer and risk of  urinary bladder cancer 
are in accordance with those reported previously by Ped-
ersen et al[23]. The association between CD and urinary 
bladder cancer described in other populations by other 
authors[23,28] could be related to the high prevalence of  
smokers. Pedersen et al[23] explain in their meta-analysis 
that tobacco smoking could have a causal role in the 
development of  a number of  cancers including urinary 
bladder cancer. They did not find this association in UC 
patients. In our study, out of  the two patients diagnosed 
with urothelial carcinoma with UC and two patients with 
CD, only one patient was a smoker at time of  cancer di-
agnosis, while the remaining three patients were former 
tobacco users. Although different factors may be in-
volved in the development of  bladder cancer, the results 
obtained in several studies, including our work, indicate 
that tobacco could be a key factor and it would be rec-
ommended to encourage CD patients to quit smoking. 
A recent publication finds that the risk of  bladder cancer 
in former smokers remains elevated more than 32 years 
after quitting, even among those with moderate smoking 
histories[29]. Nonsteroidal anti-inflammatory drugs seem 
to have a chemo-preventive role in urothelial carcinoma 
of  the bladder in subjects who have quit for long peri-
ods[30]. Dietary factors may also affect the risk of  these 
carcinomas[31-33]. Ros et al[32] suggest that high consump-
tion of  certain types of  vegetables and fruits may reduce 
the risk of  aggressive or non-aggressive urothelial cell 
carcinoma of  the bladder. 

On the other hand, the increased risk of  appendiceal 
mucinous cystadenoma and neuroendocrine tumours ob-
served in the present study were not described before in 

  Cancer site Cumulative Cumulative RR 95%CI
incidence incidence in
in IBD local 
cohort population

  Urinary bladder 0.68 0.13     5.23    1.95-13.87a

  Breast 0.51 0.26     1.95 0.63-5.87
  Melanoma 0.17 0.06     2.56   0.34-17.63
  Basal cell carcinoma 0.33 1.26     0.26 0.06-1.00
  Appendix 0.33   0.009 36.6    7.92-138.4a

  Stomach 0.17 0.06     2.83 0.41-20.9
  Pancreas 0.17   0.028     6.07 0.84-40.4
  Lung 0.17   0.067     2.54 0.34-17.6
  Liver 0.17   0.037     4.59 0.64-32.5
  Small intestine 0.17   0.013 13.1  1.82-29.7a

  Rectum 0.17   0.019     8.94  1.18-59.7a

Table 4  Cumulative incidences in both the inflammatory 
bowel disease cohort and the non-inflammatory bowel disease 
cohort and relative risk for different types of cancer

aP < 0.05. IBD:  Inflammatory bowel disease.
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that show a lower incidence of  CRC than previously 
reported[9,47-49]. Some authors have found that only IBD 
patients with a longer disease duration, extensive disease 
and an IBD diagnosis at a young age have a significantly 
higher risk of  CRC. IBD patients without these charac-
teristics would have a similar risk for colorectal cancer 
as the general population[9,47,48,50]. IBD-specific and non-
IBD specific medications have also been associated with 
an increased or decreased risk of  CRC[19,20,51]. The anti-
inflammatory action of  IBD drugs such as 5-ASA seems 
to have a protective effect on the occurrence of  CRC[52,53]. 
Jess et al[48] suggest that changes in IBD-specific treatment 
may reduce the risk of  CRC among UC patients. Cur-
rently, it has also been suggested that agents that control 
chronic inflammation, such as thiopurines and tumour 
necrosis factor-alpha antagonists, could have a protective 
role against the development of  CRC[48,50,54,55].

Study design could also have an influence on the 
CRC risk obtained. Patients with IBD from population-
based cohorts have a lower risk for CRC than reference 
centre cohorts[47]. Regarding this fact, we present a cohort 
study that included all patients with IBD followed in our 
hospital. We believe that this cohort of  patients is a good 
representative for the entire IBD population in our area. 
Our hospital is a reference centre with a specific unit for 
patients with IBD. There are no other hospitals or refer-
ence centres in our area. In our opinion, only an insignifi-
cant number of  patients with IBD are treated by general 
practitioners at primary care centres. In addition, the 
incidence of  IBD is not lower than that expected for our 
population: 590 cases in a population of  222219 people. 
The present manuscript has the value of  its prospective 
design and its well-defined population using a data reg-
istry that contains all cases of  cancer diagnosed and/or 
treated in a 7-year follow-up period. In this regard, the 
results obtained in this survey probably will serve as a 
base for future studies aimed at elucidating the real risk 
of  extra-intestinal malignancies and the utility of  current 
cancer screening strategies used in these patients.

However, the observations obtained in the present 
study should be considered with caution due to the po-
tential limitations of  this study, which included a small 
number of  cases over a limited period of  time.

In conclusion, our prospective study revealed that 
patients with IBD in our area have a similar overall risk 
of  cancer as the local population. However, they are at a 
higher risk of  developing specific types of  extra-intestinal 
cancers such as bladder, appendiceal cystadenoma or neu-
roendocrine tumours. Smoking and specific IBD char-
acteristics could be risk factors associated with the de-
velopment of  cancer, so it is recommended that patients 
be encouraged to quit smoking. On the other hand, the 
present study did not show a higher risk of  CRC, in line 
with recent publications that suggest a lower incidence 
of  CRC than previously reported. Further evaluations are 
required to know if  the current CRC screening strategies 
need to be reviewed and adapted to patients according to 
the characteristics of  their IBD.
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Abstract
AIM: To investigate the role of genetic polymorphisms 
in the progression of hepatic fibrosis in hereditary 
haemochromatosis. 

METHODS: A cohort of 245 well-characterised C282Y 
homozygous patients with haemochromatosis was 
studied, with all subjects having liver biopsy data and 
DNA available for testing. This study assessed the 
association of eight single nucleotide polymorphisms 
(SNPs) in a total of six genes including toll-like 
receptor 4 (TLR4), transforming growth factor-beta 
(TGF-β), oxoguanine DNA glycosylase, monocyte 
chemoattractant protein 1, chemokine C-C motif 
receptor 2 and interleukin-10 with liver disease severity. 
Genotyping was performed using high resolution melt 
analysis and sequencing. The results were analysed in 
relation to the stage of hepatic fibrosis in multivariate 
analysis incorporating other cofactors including alcohol 
consumption and hepatic iron concentration.

RESULTS: There were significant associations between 
the cofactors of male gender (P  = 0.0001), increasing 
age (P  = 0.006), alcohol consumption (P  = 0.0001), 
steatosis (P  = 0.03), hepatic iron concentration (P  < 
0.0001) and the presence of hepatic fibrosis. Of the 
candidate gene polymorphisms studied, none showed a 
significant association with hepatic fibrosis in univariate 
or multivariate analysis incorporating cofactors. We also 
specifically studied patients with hepatic iron loading 
above threshold levels for cirrhosis and compared the 
genetic polymorphisms between those with no fibrosis 
vs  cirrhosis however there was no significant effect 
from any of the candidate genes studied. Importantly, 
in this large, well characterised cohort of patients there 
was no association between SNPs for TGF-β or TLR4 
and the presence of fibrosis, cirrhosis or increasing 
fibrosis stage in multivariate analysis.

CONCLUSION: In our large, well characterised group 
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of haemochromatosis subjects we did not demonstrate 
any relationship between candidate gene polymorphisms 
and hepatic fibrosis or cirrhosis. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: This study does not support the previously 
proposed role of mutations in both toll-like receptor 4, 
transforming growth factor-beta in the progression of 
hepatic fibrosis associated with hereditary haemochro-
matosis.
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INTRODUCTION
It is generally believed that genetic factors may influence 
the progression of  hepatic fibrosis in chronic liver dis-
ease of  differing aetiologies. Many case-control studies 
have been performed in an attempt to elucidate these ge-
netic influences, however, results have been inconsistent. 
Possible explanations for this include relatively small 
sample sizes and the difficulties in controlling for factors 
such as the duration of  hepatic insult (e.g., in chronic 
hepatitis C virus infection and disease co-morbidities (e.g., 
alcohol)[1]. In hereditary haemochromatosis iron accu-
mulation begins in early adulthood in males and despite 
similarity in the age of  onset, there is a highly variable 
disease progression both in iron loading and in hepatic 
fibrosis progression[2-6]. It is likely that genetic factors 
play a role in influencing both iron accumulation and the 
development of  cirrhosis[7]. The aim of  this study was to 
explore potential genetic polymorphisms involved in he-
patic disease progression in haemochromatosis with par-
ticular attention to candidate molecules associated with 
the processes of  hepatic fibrogenesis. This study was 
conducted using a well-characterised cohort of  patients 
with HFE-associated hereditary haemochromatosis with 
known fibrosis stage and quantitative hepatic iron load-
ing.

Candidate genes for analysis were chosen based 
either on their existing association between gene muta-
tions and fibrogenesis in other disease aetiologies, or 
their demonstrated role in hepatic stellate cell biology 
and hepatic injury/fibrosis. Candidate genes included: 

(1) molecules associated with hepatic inflammation in-
cluding monocyte chemoattractant protein 1 (MCP-1), 
the MCP-1 receptor, chemokine C-C motif  receptor 2 
and interleukin-10 (IL10); and (2) mediators of  hepatic 
injury/inflammation/fibrosis including transforming 
growth factor-beta (TGF-β), toll-like receptor 4 (TLR4) 
and human 8-oxoguanine DNA glycosylase (hOGG1).

MCP-1, also known as chemokine (C-C motif) li-
gand 2, is a cytokine belonging to the CC chemokine 
family which acts as a potent inducer of  monocyte, 
macrophage and hepatic stellate cell migration[8-11] and 
is involved in the early stages of  hepatic inflammation 
and fibrogenesis[9]. Several clinical studies have shown 
an association between single nucleotide polymorphisms 
(SNPs) in the MCP-1 gene and fibrosis in various organs 
including liver, kidney, and skin[12-14] although others have 
shown conflicting results. The MCP-1 receptor, CCR2, 
mediates much of  chemokine response of  MCP-1[15]. 
While the precise role of  CCR2 in human liver disease 
is relatively unknown, studies investigating CCR2 vari-
ants in alcoholic liver disease or liver carcinoma have 
produced varying results[16,17]. IL10 acts as an anti-inflam-
matory cytokine[18] in different forms of  human chronic 
liver disease, regulating inflammatory and fibrogenic 
responses (reviewed in[19]). In haemochromatosis, hepatic 
IL10 mRNA expression is decreased[20].

TGF-β has been described as a “master switch” in 
hepatic fibrosis due to its central role in the activation of  
hepatic stellate cells and the production of  fibrillar col-
lagen via Smad[21]. SNPs in the TGF-β  gene have previ-
ously been studied in a relatively small cohort of  subjects 
with haemochromatosis where results suggested that 
the presence of  the proline substitution (C) may acceler-
ate hepatic fibrosis[22]. TLRs are a group of  receptors 
involved in both the recognition of  pathogens and in 
mediating non-infectious and ischaemic causes of  liver 
injury[23,24]. TLR4 has been shown to be associated with 
signalling leading to hepatic fibrosis, with hepatic stellate 
cells being the main direct mediator promoting fibrogen-
esis via TGF-β signalling[25]. Studies designed to assess 
the role of  TLR4 polymorphisms in the susceptibility to 
inflammatory or infectious diseases have provided con-
flicting results[26,27]. In haemochromatosis, however, one 
study has shown that a TLR4 polymorphism was associ-
ated with clinical disease without any notable effect on 
iron loading[28], although again this was conducted in a 
relatively small cohort of  patients. hOGG1 is an enzyme 
responsible for repairing the 8-oxo-7,8-dihydroguanine 
8 lesion of  DNA subjected to oxidative stress. Although 
oxidative stress is one of  the common mechanisms for 
hepatocyte injury and an inflammatory cascade, particu-
larly in iron loading, to our knowledge no studies have 
considered the role of  OGG1 gene polymorphisms in 
the progression of  liver damage.

Few studies have assessed the contribution of  poly-
morphisms in genes associated with hepatic injury and 
fibrosis in the phenotypic disease expression in hae-
mochromatosis. Those that have were limited by both 
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cohort size and the lack of  well characterised patients 
with liver biopsy-proven fibrosis staging and quantitative 
hepatic iron loading. This study represents one of  the 
largest cohorts of  patients with haemochromatosis to 
be assessed for the role of  SNPs associated with hepatic 
disease expression. 

MATERIALS AND METHODS
Ethics statement
All subjects in this study provided written informed con-
sent and the study was approved by the Human Research 
Ethics Committees of  the Royal Brisbane and Women’
s Hospital (RBWH) and the Queensland Institute of  
Medical Research (QIMR), Brisbane, Australia. Written 
informed consent was witnessed and documented in 
each patient hospital file, a procedure approved by both 
ethics committees.

Study subjects
The subjects in this study were derived from the Hae-
mochromatosis Database at the QIMR. This is a cohort 
recruited over approximately 30 years from clinical re-
view at the RBWH. The database lists more than 2400 
patients of  whom 722 are C282Y homozygous. The 
database includes clinical and laboratory data, with DNA 
available from a subset of  these patients. 

Inclusion criteria for selection for this study were: (1) 
genetic testing confirming C282Y homozygosity; (2) pa-
tients had previously undergone a liver biopsy for clinical 
indications and information was available with respect to 
iron loading and fibrosis stage; and (3) patients had pre-
viously provided blood for the extraction of  DNA from 
peripheral white cells or were available to do so prospec-
tively.

Patients were excluded from this study if  aged less 
than 16 years at the time of  liver biopsy as iron loading 
at this age may indicate the presence of  other mutations 
in iron homeostatic genes. Patients with viral hepatitis 
were excluded. Excessive alcohol consumption was not 
an exclusion criterion however this information was in-
cluded in the data collection. 

Control subjects were obtained from the QIMR 
DNA bank and represented a selection of  healthy sub-
jects who had previously provided peripheral blood for 
the extraction of  DNA. Those with European ethnic-
ity were preferentially utilised for this study in order to 
provide a genetically comparable group for the study 
subjects. Allele frequencies were also compared to sub-
jects in the International HapMap project selected from 
United States residents with Northern and Western Eu-
ropean ancestry[29]. 

Rationale for candidate gene analysis
While this cohort of  haemochromatosis patients is one 
of  the largest and most well characterised studied to 
date, investigation using genome wide association in a 
cohort of  this size was not considered viable, thus we 

used a candidate gene approach.

MCP-1 and CCR2: Human MCP-1 production is regu-
lated in part by a region 1.8 to 2.7 kb upstream of  the 
transcriptional start site and a polymorphism at position 
-2518 (G/A rs1024611) affects the transcriptional activ-
ity[30]. Individuals with a G allele at this site (G/A or G/
G) produce more MCP-1 from monocytes in response 
to stimulation with interleukin-1β[30]. A variant in the 
CCR2 gene Val64Ile (A/G rs1799864) has been shown 
to be associated with a delay in progression in human 
immunodeficiency virus[31] and other studies have shown 
a possible role for this polymorphism in inflammatory 
conditions such as sarcoidosis and atherosclerosis[32,33]. 
Thus, the MCP1-2518 and CCR2-190 SNPs were chosen 
for study.

IL10: The promoter region of  the IL10 gene has several 
polymorphisms at positions -1082 (G/A: rs1800896), 
-819 (C/T: rs1800871) and -592(C/A: rs1800872) with 
only three haplotypes found in Caucasian popula-
tions: GCC, ACC and ATA[34]. Heritability factors are 
thought to account for some of  the variability in IL10 
production although environmental influences are also 
important[35,36]. The role of  specific SNPs in differen-
tial IL10 production is controversial[37-40]. The GCC 
promoter haplotype may have greater transcriptional 
activity compared to the ATA and ACC haplotypes[35,41] 
and this would be consistent with other studies show-
ing decreased IL10 production in those with the -1082A 
genotype[34,39,42]. Most studies considering the relation-
ship between IL10 promoter polymorphisms and liver 
fibrosis in HCV infected patients have failed to show 
statistically meaningful effects although many of  these 
have suffered from small sample sizes (reviewed in[43]). 
Therefore, although it seems attractive to consider IL10 
as a mediator of  hepatic inflammation and fibrosis, 
promoter polymorphisms in this gene have not been 
unambiguously linked with either cytokine production or 
hepatic fibrosis. For this study, IL10-1082 and IL10-592 
SNPs were selected for investigation.

TGF-β: A single nucleotide polymorphism in the TGF-β  
gene at position -915, codon 25(G/C: rs1800471) results 
in an amino acid substitution of  proline for arginine. 
Leukocytes from those homozygous for the arginine (G) 
molecule at this site appear to produce more TGF-β in 
response to stimuli suggesting this is the “high produc-
ing” genotype[44]. This report has been challenged by 
other groups who have suggested that there may be im-
portant differences between total TGF-β secretion and 
bioavailable forms[45,46]. The TGFβ-915 SNP was used 
in this evaluation of  disease expression susceptibility in 
haemochromatosis.

TLR4: Two common missense mutations in the TLR4 
gene have been suggested to have functional significance 
with defective signalling resulting. Aspartic acid substi-
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have shown that individuals with the GG genotype in 
Ser326Cys have a reduced capacity for repair of  DNA 
damage compared to wild types or heterozygous sub-
jects[55]. Thus OGG1-326 was included for evaluation in 
this study.

SNP mutation analysis, real-time PCR and sequencing
Patients provided blood samples, often at the time of  
therapeutic venesection to allow DNA extraction from 
buffy coats using a high salt extraction method. DNA 
was utilised in all PCR experiments at a concentration 
of  25 ng/μL. Primers were designed using Genbank to 
obtain genetic sequences adjacent to the area of  interest 
and using specific software (Primer Quest) to optimise 
the temperature difference for denaturing and minimise 
secondary structures (Table 1). Specificity was tested 
using specific software (Blast). Primers were purchased 
from Sigma-Aldrich Pty Ltd (NSW, Australia). 

High resolution melt (HRM) analysis (Corbett Life 
Science Rotor-GeneTM 6000 HRM) was used to evaluate 
nucleotide sequences based on the dissociation profile 
of  the fragment of  DNA containing the polymorphism 
when amplification of  the template occurs in the pres-
ence of  specific dye. Sensimix HRMTM (Quantace, 
London) was used in PCR reactions with the following 
volumes for 1 reaction to give a total reaction volume of  
25 μL. Each gene was amplified and analysed under op-
timised conditions (Table 2).

From initial HRM analysis, subjects with variable 
dissociation characteristics were selected for sequencing 
in order to confirm the presence of  the suspected gene 
polymorphism. Once identified, a sample from these 
subjects was used in each experiment to provide a posi-
tive control. Any sample that could not be genotyped 
with HRM analysis was subjected to sequencing. Each 
patient sample was tested in duplicate. All experiments 
contained negative control samples (H2O) to confirm 
the absence of  contamination by PCR product. All pa-
tient and control sample identities were number coded 
for inclusion in experiments.

Sequencing was performed with ABI BigDye Version 
3.1 according to specific instructions and using primers 
designed to incorporate the area of  interest.

tuted for glycine at amino acid position 299 (Asp299Gly) 
(A/G: rs4986790) and 399 (Thr399Ile) (C/T: rs4986791) 
are said to induce hypo-responsiveness to lipopolysac-
charide although this has not been supported by all 
investigations[47-49]. The CC variant of  the Thr399Ile 
polymorphism was one SNP included in a panel of  tests 
demonstrating discrimination of  patients with advanced 
fibrosis in chronic hepatitis C[50]. Functional studies have 
shown that the polymorphisms in TLR4 which confer 
protection from hepatic fibrosis are associated with a 
reduced threshold for HSC apoptosis and attenuation of  
fibrogenic responses stimulated by MCP-1, BAMBI and 
IL6[51]. Both TLR4-299 and TLR4-399 SNPs were as-
sessed in the present study.

OGG1: It can be shown on paraffin sections of  diseased 
liver that there is increased staining of  8-oxodG con-
sistent with oxidative DNA damage to hepatocytes and 
this does not appear to be specific to any particular type 
of  liver disease[52]. A polymorphism exists in the human 
OGG1 gene leading to Ser326Cys conversion and affect-
ing the function of  this glycosylase due to changes in 
localization and phosphorylation (C/G: rs1052133)[53]. 
There is some epidemiological evidence to suggest that 
certain tumours may have an increased prevalence in 
those with the variant of  OGG1[54]. Functional studies 

Table 1  Gene specific primers for polymerase chain reaction amplification and dissociation analysis

Gene Forward primer Reverse primer

MCP1-2518 TTTCTTGACAGAGCAGAAGTGGGAG TTGCTGGCTGAGTGTTCACATAGG
CCR2 190 ATACCAACGAGAGCGGTGAAGAAG AAAGCAGATCAGAGATGGCCAGG
IL10-592 AAAGGAGCCTGGAACACATCCTGT AAAGTTCCCAAGCAGCCCTTCCAT
IL10-1082 TCCAAGACAACACTACTAAGGCTTC GCTGGATAGGAGGTCCCTTACTTT
TGF-β CTACCGCTGCTGTGGCTACTGGT TCACCAGCTCCATGTCGATAGTCT
TLR4-299 CCGATTAGCATACTTAGACTACTACCTC CCTTTCAATAGTCACACTCACCAGG
TLR4-399 GCTTGAGTTTCAAAGGTTGCTGTTCTC GCCCAAGAAGTTTGAACTCATGGTAA
hOGG1 ACCCTCCTACAGGTGCTGTTCAGT CCTTTGGAACCCTTTCTGCGCTTT

MCP-1: Monocyte chemoattractant protein 1; CCR-2: Chemokine C-C motif receptor; IL10: Interleukin-10; TGF-β: 
Transforming growth factor-beta; TLR4: Toll-like receptor 4; hOGG1: Human 8-oxoguanine DNA glycosylase. 

Table 2  Polymerase chain reaction profiles for candidate 
gene high resolution melt analysis

Gene Annealing 
temperature

Extension 
temperature

Melt analysis 
range

MCP-1 58 ℃ 72 ℃ 74 to 84 ℃
CCR-2 58 ℃ 72 ℃ 74 to 84 ℃
IL10-592 57 ℃ 72 ℃ 75 to 85 ℃
IL10-1082 59 ℃ 72 ℃ 70 to 81 ℃
TGF-β 65 ℃ (20 s) 72 ℃ (20 s) 79 to 89 ℃
TLR4 299 57 ℃ 68 ℃ 66 to 78 ℃
TLR4 399 58 ℃ 70 ℃ 69 to 81 ℃
hOGG1 57 ℃ 68 ℃ 78 to 88 ℃

MCP-1: Monocyte chemoattractant protein 1; CCR-2: Chemokine C-C 
motif receptor; IL10: Interleukin-10; TGF-β: Transforming growth factor-
beta; TLR4: Toll-like receptor 4; hOGG1: Human 8-oxoguanine DNA 
glycosylase. 
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Statistical analysis
Normally distributed data were summarized by mean 
and standard deviation and differences tested by Student’
s t test. Non-parametric data were summarized by me-
dian and range and tested by Mann-Whitney or Kruskal-
Wallis test. Categorical variables were summarized by 
frequencies and tested by Pearson χ 2 or Fisher’s Exact 
test. Ordinal multivariate logistic regression analysis was 
performed using increasing hepatic fibrosis grade as 
the outcome variable incorporating predictor variables 
including age, gender, alcohol consumption and the ge-
netic polymorphism in question. Results are presented as 
OR with 95%CI. P values of  < 0.05 or less were consid-
ered significant. Polymorphisms were grouped in both 
possible ways for testing but reporting has been limited 
to that commonly described in the literature. Grouping 
for the outcome variable of  hepatic fibrosis was done 
in several ways including “no fibrosis (F0) vs any hepatic 
fibrosis (F1-4)”, “minimal fibrosis (F0-2) vs advanced 
fibrosis (F3-4)” and as an ordered logistic regression 
analysis with increasing hepatic fibrosis grade as the out-
come variable. In order to consider those patients with 
the greatest difference in clinical outcome the analysis 
was repeated incorporating only those patients with 
heaviest iron loading (iron grade 3 and 4) and comparing 
those with no fibrosis (F0) against those with advanced 
fibrosis (F3/F4). Stata/IC software (version 10.1; Stata-
Corp LP, College Station, TX) was used for statistical 
analysis. Deviation from Hardy-Weinberg equilibrium 
was tested for each gene using an on-line calculation tool 
(http://www.oege.org/software/hwe-mr-calc.shtml).

RESULTS
Of  the 245 C282Y homozygous patients included in this 
study, 161 (66%) were male. The majority of  biopsies 
performed in these patients (82%) were done so prior 

to 1996 when the HFE gene was cloned and therefore 
many patients are likely to have been biopsied for di-
agnostic purposes. Fibrosis stages were as follows; F0: 
136 (56%), F1: 26 (11%), F2: 23 (9%), F3: 13 (5%), F4: 
47 (19%). The demographic, laboratory and histological 
characteristics of  the patients with and without hepatic 
fibrosis are summarized in Table 3. Of  those with the 
grade of  steatosis reported, 56% had no steatosis pres-
ent and 12% had grade 2 or 3 steatosis. Male gender, 
age, alcohol consumption, steatosis and iron indices 
from serum and liver sections all showed significant as-
sociations with the presence of  hepatic fibrosis, as has 
been previously demonstrated[56,57].

Allele frequencies for the genes of  interest were as-
sessed in patient and control populations and these re-
sults compared to published data for Caucasian groups 
(Table 4). There was a significant difference in allele fre-
quencies for the CCR2 gene polymorphism when com-
paring the haemochromatosis and control populations 
(P = 0.001). This appeared to be due to an unexpectedly 
low number of  heterozygous and A allele homozygous 
control subjects. When the patient population was com-
pared to data published from the International HapMap 
Project there was no significant difference (P = 0.985). 
For all other genes there were no significant differences 
in allele frequencies between patient and control popula-
tions.

No patient or control subject was identified to have 
the uncommon homozygous polymorphism (Pro/Pro or 
C/C) in the TGF-β gene but as this is present in low fre-
quency in the population this is not an unexpected find-
ing. For the analyses of  this polymorphism, Arg/Arg (G 
allele homozygosity) was compared to Arg/Pro (G/C).

Table 3  Patient characteristics grouped according to the pres-
ence or absence of hepatic fibrosis (univariate analysis)  n  (%)

Parameter No fibrosis 
(n  = 136)

Fibrosis present 
(n  = 109)

P  value

Male gender 72 (53) 89 (82)    0.0001
Age at biopsy (yr) 
(mean ± SD)

39.7 (14.9) 44.3 (12.4)  0.006

Alcohol (g/d) 
(median: range)

        5 (0-120)      20 (0-200)    0.0001

Steatosis present1 36 (37) 42 (53) 0.03
Serum ferritin (μg/L) 
(median: range)

       531 (33-3000)        2134 (155-6000)     0.0001

HIC (μmol/g dw) 
(median: range)

     124 (20-537)      218 (43-847) < 0.0001

Iron grade
   0 1 (1) 0
   1 5 (4) 0
   2 27 (20) 7 (6)
   3 63 (46) 25 (23)
   4 40 (29) 77 (71) < 0.0001

1Steatosis data available for 176 subjects (72% of total cohort). 

Table 4  Allele frequency in candidate genes assessed in 
patient and control groups by high resolution melt analysis: 
Compared to published data for Caucasian ethnicity 
populations

Gene Patient group Control group Published results1

MCP1 A 0.729 A 0.736 A 0.695
G 0.271 G 0.264 G0.305

CCR2 G 0.892 G 0.976 G 0.892
A 0.108 A 0.024 A 0.108

TGFβ G 0.918 G 0.892 G 0.887
C 0.082 C 0.108 C 0.113

hOGG1 C 0.695 C 0.694 C 0.776
G 0.305 G 0.306 G 0.224

IL10-1082 G 0.539 G 0.500 G0.531
A 0.461 A 0.500 A 0.469

IL10-592 C 0.794 C 0.794 C 0.792
A 0.206 A 0.206 A 0.208

TLR4 299 A 0.934 A 0.930 A 0.967
G 0.066 G 0.070 G 0.033

TLR4 399 C 0.934 C 0.931 C 0.955
T 0.066 T 0.069 T 0.045

1NCBI dbSNP (HapMap CEU-Utah residents with Northern and Western 
European ancestry from the CEPH collection). MCP-1: Monocyte 
chemoattractant protein 1; CCR-2: Chemokine C-C motif receptor; IL10: 
Interleukin-10; TGF-β: Transforming growth factor-beta; TLR4: Toll-like 
receptor 4; hOGG1: Human 8-oxoguanine DNA glycosylase.
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All genes showed no deviation from Hardy-Weinberg 
equilibrium in the haemochromatosis patient population 
except the OGG1 polymorphism (P = 0.03). This may 
relate to selective pressure in this group. The control 
population showed no deviation from Hardy-Weinberg 
equilibrium.

No significant associations were present between the 
polymorphisms of  any of  the candidate genes and fibro-
sis stage when the patients were grouped into those with 
minimal or no fibrosis (F0-2) and compared with those 
having severe fibrosis (F3-4) (Table 5). Each candidate 
gene was assessed in ordered logistic regression analysis 
incorporating increasing fibrosis stage as outcome before 
and after adjustment for age, gender, iron loading and 
alcohol consumption and in each analysis, there was no 
statistically significant effect from the SNP of  interest 
on fibrosis stage (Table 6). Analyses were repeated incor-
porating data on steatosis grade however this produced 
no statistically significant effect. Iron loading, alcohol 
consumption, male gender and age remained important 
in multivariate analyses as previously reported[2,4-6,58-62].

After considering only those patients with heaviest 
grades of  iron loading (iron grade 3 and 4) there was no 
significant association with hepatic fibrosis (F0 vs F3/F4) 
and any of  the genetic polymorphisms studied when as-
sessed in univariate or multivariate analysis (after adjust-
ment for age, gender and alcohol consumption) (Table 
7). A threshold hepatic iron concentration for cirrhosis 
of  236 μmol/g dry weight has previously been identi-
fied in this haemochromatotic patient cohort[59]; this cut 
off  was used to isolate those with the greatest risk of  
hepatic fibrosis and subjects with no fibrosis (F0) were 
again compared to those with advanced disease (F3/F4) 
(Table 8). Age and alcohol consumption were important 
in disease progression in this group but no difference 
was seen for any of  the genetic polymorphisms studied. 
Gender was not a significant risk factor in this cohort 
with very heavy iron stores.

DISCUSSION
Studies investigating the clinical penetrance of  haemo-
chromatosis have consistently identified the severity of  
iron loading, male gender and alcohol consumption as 
being crucial factors in determining the risk of  liver fi-
brosis (reviewed in[7]). It is clear that steatosis accelerates 
the hepatic injury[57] and that diabetes is a risk factor for 
advanced fibrosis[56]. Despite these known risk factors, 
family studies have suggested a clustering of  phenotypes 
that may indicate a role for genetic disease modifiers 
quite separate to those influencing iron loading. Relatively 
few studies have explored this area in haemochromatosis 
subjects, particularly when compared to a large body of  
literature that exists with respect to viral hepatitis.

Many candidate gene studies have suffered from 
methodological flaws which increase the risk of  mislead-
ing results. Perhaps the most common scenario is a small 
subject group which allows the finding of  a false posi-
tive result due to chance. Although haemochromatosis 
is relatively common in terms of  genetic diseases, its 
expression remains uncommon in the general popula-

Table 5  Genetic polymorphisms in Hereditary Haemochro-
matosis patients grouped according the presence or absence 
of advanced fibrosis and subjected to univariate analysis  n  (%)

Gene No/minimal fibrosis 
(F0-2)

Advanced fibrosis 
(F3-4)

P  value

MCP1
   AA   99 (53.5)    28 (46.7)
   AG   76 (41.1)    27 (45.0)
   GG 10 (5.4)    5 (8.3) 0.546
CCR2
   GG 142 (78.0)    50 (84.8)
   AG   37 (20.3)      9 (15.3)
   AA   3 (1.7) 0 (0) 0.401
TGFβ
   GG 154 (83.2) 51 (85)
   GC   31 (16.8)   9 (15) 0.749
hOGG1
   CC   99 (53.8)    26 (43.3)
   CG   64 (34.8)    25 (41.7)
   GG   21 (11.4)   9 (15) 0.352
IL10-1082
   GG   50 (27.1)    17 (28.3)
   GA   97 (52.4)    33 (55.0)
   AA   38 (20.5)    10 (16.7) 0.806
IL10-592
   CC 120 (64.9)    37 (61.7)
   AC   58 (31.3)    17 (28.3)
   AA   7 (3.8)      6 (10.0) 0.173
TLR4 299
   AA 159 (86.4)    54 (91.5)
   AG   24 (13.0)    4 (6.8)
   GG   1 (0.6)    1 (1.7) 0.305
TLR4 399
   CC 161 (87.0)    53 (89.8)
   CT   23 (12.4)    5 (8.5)
   TT   1 (0.5)    1 (1.7) 0.502

MCP-1: Monocyte chemoattractant protein 1; CCR-2: Chemokine C-C 
motif receptor; IL10: Interleukin-10; TGF-β: Transforming growth factor-
beta; TLR4: Toll-like receptor 4; hOGG1: Human 8-oxoguanine DNA 
glycosylase.

Table 6  Multivariate ordered logistic regression analysis de-
termining role of genetic polymorphisms in increasing hepatic 
fibrosis stage

Gene OR 95%CI P  value Adjusted P  value1

MCP1 1.11 0.69-1.80 0.660 0.681
CCR2 0.71 0.36-1.32 0.284 0.432
TGFβ 1.03 0.54-1.95 0.936 0.740
hOGG1 0.94 0.44-1.98 0.864 0.588
IL10-1082 1.10 0.65-1.88 0.720 0.897
IL10-592 0.82 0.50-1.35 0.441 0.639
TLR4 299 0.73 0.35-1.53 0.403 0.745
TLR4 399 0.87 0.42-1.81 0.706 0.990

1Adjusted for age at biopsy: gender: iron grade and alcohol consumption. 
MCP-1: Monocyte chemoattractant protein 1; CCR-2: Chemokine C-C 
motif receptor; IL10: Interleukin-10; TGF-β: Transforming growth factor-
beta; TLR4: Toll-like receptor 4; hOGG1: Human 8-oxoguanine DNA 
glycosylase. 
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tion. Added to this is the fact that many patients have 
no indication, or wish to undergo a liver biopsy, it is 
clear that establishing a sizable cohort of  subjects for 
study is difficult. Our group of  245 C282Y homozygous 
patients not only had liver biopsy data available but had 
also provided blood samples for extraction and storage 
of  DNA. This is likely to represent one of  the largest 
groups in the international literature and represents a 
recruitment period spanning decades, including the pre-
HFE era when liver biopsies were used for diagnosis of  
the disease. This allowed inclusion of  patients with early 
and late stage disease thus avoiding a recruitment bias. 
In order to allow conclusions regarding the role of  ge-
netic polymorphisms, data are also needed about other 
factors. We have included information from this group 
relating to iron grade, age, alcohol and gender and used 
this information to perform multivariate analyses con-

sidering gene-environment interactions. 
We selected biologically plausible genes for analysis 

of  functionally significant polymorphisms based on 
known mechanisms of  hepatic injury and liver fibrosis 
and considering the results of  previous studies. This ap-
proach has been used to describe the role of  SNPs in 
many polygenic diseases although it does risk returning a 
null result. Genome wide association studies have since 
become an alternative approach which removes any need 
for a mechanistic approach to gene selection however 
these studies require very large patient cohorts in order 
to describe associations with a small effect on disease. 

We did not find a role for the single nucleotide poly-
morphisms studied in genes coding MCP-1, TGF-β, 
IL10, OGG1, TLR4 or CCR2 when considered in uni-
variate analysis with fibrosis stage or when incorporated 
in multivariate analysis including gender, iron loading, al-
cohol consumption and age. Genotyping was performed 
using high resolution melt analysis with confirmation of  
grouping controls with sequencing. Data were consid-
ered in several different analyses with the outcome vari-
ables of  liver fibrosis grouped as being either present or 
absent, minimal or advanced and finally as an ordered lo-
gistic regression approach (F0-F4). Likewise, the predic-
tor variables (genetic polymorphisms) were considered 
in all possible combinations but none proved to have 
a statistically significant association with the outcome 
variable. We particularly examined those patients where 
there is greatest variability in liver fibrosis despite signifi-
cant iron loading. We used the previously published HIC 
threshold for cirrhosis in this cohort, i.e., HIC > 236 
μmol/g dry weight[59], and compared the groups with no 
fibrosis (F0) against those with advanced fibrosis (F3/
F4) who had this significant level of  hepatic iron deposi-
tion. We hypothesized that these patients are most likely 
to have other factors accounting for disease progression; 
however, it was still evident that there was no significant 

Table 7  Genetic polymorphism frequencies in patients with heavy iron loading (Grade 3 and 4) grouped according to no fibrosis (F0) 
vs  advanced fibrosis (F3/F4)

Gene No fibrosis (F0) (n  = 103) Advanced fibrosis (F3/4) (n  = 60) P  value Adjusted P  value1

MCP1 AA 53/103 AG/GG AA 28/60 AG/GG 32/60 0.555 0.433
51.50% 50/103 48.5% 46.70% 53.3%

CCR2 GG 81/100 AG/AA GG 50/59 AG/AA 9/59 0.549 0.277
81% 19/100 19% 84.70% 15.3%

TGF β GG 86/103 CG/CC 17/103 GG 51/60 CG/CC 9/60 0.800 0.968
83.50% 16.5% 85% 15%

hOGG1 CC 54/102 CG/GG 48/102 CC 26/60 CG/GG 34/60 0.238 0.790
52.90% 47.1% 43.30% 56.7%

IL10-1082 AA/AG 75/103 GG 28/103 AA/AG 43/60 GG 17/60 0.874 0.998
72.8% 27.20% 71.80% 28.30%

IL10-592 AA/AC 34/103 CC 66/103 AA/AC 23/60 CC 37/60 0.492 0.659
33.0% 67.0% 38.3% 61.7%

TLR4 299 AA 87/102 AG/GG 15/102 AA 54/59 AG/GG 5/59 0.248 0.848
85.3% 14.7% 91.5% 8.5%

TLR4 399 CC 89/103 CT/TT 14/103 CC 53/59 CT/TT 6/59 0.524 0.985
86.4% 13.6% 89.8% 10.2%

1Adjusted for age:gender:alcohol consumption. MCP-1: Monocyte chemoattractant protein 1; CCR-2: Chemokine C-C motif receptor; IL10: Interleukin-10; 
TGF-β: Transforming growth factor-beta; TLR4: Toll-like receptor 4; hOGG1: Human 8-oxoguanine DNA glycosylase. 

Table 8  Logistic regression analysis performed in subjects 
with HIC > 236 μmol/g dw and comparing outcome of F0 
vs  F3/4 (univariate analysis) (n  = 47)

Factor OR 95%CI P  value

Age 1.07 1.00-1.15 0.034
Alcohol 1.03 1.01-1.05 0.011
Female gender 0.27 0.05-1.55 0.140
MCP1 1.20 0.37-3.87 0.76
CCR2 0.74 0.13-4.12 0.73
TGFβ 0.58 0.09-3.52 0.553
hOGG1 1.50 0.47-4.77 0.492
IL10-1082 1.89 0.48-7.44 0.363
IL10-592 0.98 0.30-3.21 0.980
TLR4 299 1.17 0.77-7.79 0.868
TLR4 399 1.24 0.19-8.19 0.824

MCP-1: Monocyte chemoattractant protein 1; CCR-2: Chemokine C-C 
motif receptor; IL10: interleukin-10; TGF-β: Transforming growth factor-
beta; TLR4: Toll-like receptor 4; hOGG1: Human 8-oxoguanine DNA 
glycosylase.
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effect seen in any of  the genes tested. In this subgroup 
analysis of  patients with significant iron loading, it is 
apparent that alcohol consumption and age remain the 
important determinants of  liver disease and this is con-
sistent with previous studies. Although our overall study 
size is large, it must be noted that this subgroup with 
very heavy iron loading is much smaller and it is possible 
that this accounts for the lack of  association. 

Our results are not consistent with previous stud-
ies which have been performed in smaller cohorts. A 
European study reported that the TLR4 Asp299Gly 
gene polymorphism modulated phenotypic expression 
of  haemochromatosis and described the effect on both 
liver histology and on an amalgamated clinical expres-
sion including liver disease, arthropathy, joint disease, 
cardiomyopathy and endocrine disease[28]. The grouping 
of  such diverse types of  clinical expression is unusual 
when considering candidate gene testing and one may 
wonder whether this is biologically plausible. This study 
included 99 patients but of  these, only 52 had histology 
available and 29 of  these had liver iron quantification. 
Although allele frequencies were similar to our cohort, 
we did not replicate the SNP association with liver dis-
ease in a group almost five times larger and suspect that 
the European results may represent a type 1 error. 

Similarly, a previous investigation into the role of  
TGF-β mutations in 149 biopsied haemochromatosis 
patients concluded that those with the proline substitu-
tion at codon 25 were more likely to be grouped into 
an outcome variable of  cirrhosis (F4) vs all other stages 
(F0-3). This grouping could be considered somewhat ar-
bitrary and it would be interesting to know the genotype 
frequencies across other fibrosis stages. A recent meta-
analysis considering the role of  TGF-β polymorphisms 
in liver disease (mainly viral hepatitis) concluded a lack 
of  effect upon fibrosis progression which is in keeping 
with our results[63]. 

There are substantial difficulties in studying disorders 
with polygenic and environmental interactions. Future 
research directions may involve non-targeted analysis 
of  either whole genomes or exomes but this is likely to 
require greater numbers of  subjects who have been well 
characterised in terms of  liver disease and co-factors. 
Collaborations between research institutions would allow 
more patients to be involved in such studies but newer 
non-invasive tests of  liver fibrosis such as transient elas-
tography will allow assessment for liver disease in almost 
all patients and capture a much greater proportion of  
C282Y homozygous subjects in such studies.

In conclusion, the role of  chemokines, chemokine 
receptors, oxidative stress and inflammatory mediators 
in fibrogenesis in haemochromatosis is established; how-
ever, the influence of  genetic polymorphisms in the mol-
ecules studied here is less clear. In contrast to other pub-
lished associations, in our large, well-characterised group 
of  C282Y homozygous subjects we did not demonstrate 
any relationship between MCP1, CCR2, TGFβ , IL10 , 
OGG1 and TLR4 single nucleotide polymorphisms and 

hepatic fibrosis or cirrhosis. Future studies utilising tech-
niques such as exome sequencing may provide a better 
approach to identify genetic polymorphisms associated 
with hepatic fibrosis progression in haemochromatosis.
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Abstract
AIM: To evaluate the effects of tenofovir disoproxil fu-
marate (TDF) use during late pregnancy to reduce hepa-
titis B virus (HBV) transmission in highly viremic mothers.

METHODS: This retrospective study included 45 preg-
nant patients with hepatitis B e antigen (+) chronic 
hepatitis B and HBV DNA levels > 107 copies/mL who re-
ceived TDF 300 mg/d from week 18 to 27 of gestation (n 
= 21). Untreated pregnant patients served as controls (n  

= 24). All infants received 200 IU of hepatitis B immune 
globulin (HBIG) within 24 h postpartum and 20 μg of 
recombinant HBV vaccine at 4, 8, and 24 wk. Perinatal 
transmission rate was determined by hepatitis B surface 
antigen and HBV DNA results in infants at week 28.

RESULTS: At week 28, none of the infants of TDF-
treated mothers had immunoprophylaxis failure, whereas 
2 (8.3 %) of the infants of control mothers had immu-
noprophylaxis failure (P  = 0.022). There were no differ-
ences between the groups in terms of adverse events 
in mothers or congenital deformities, gestational age, 
height, or weight in infants. At postpartum week 28, 
significantly more TDF-treated mothers had levels of 
HBV DNA < 250 copies/mL and normalized alanine ami-
notransferase compared with controls (62% vs  none, P  
< 0.001; 82% vs  61%, P  = 0.012, respectively).

CONCLUSION: TDF therapy during the second or third 
trimester reduced perinatal transmission rates of HBV 
and no adverse events were observed in mothers or in-
fants.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a important medical 
problem affecting approximately 2 billion people glob-
ally[1]. The vertical transmission of  HBV from hepatitis B 
surface antigen (HBsAg)-positive mothers to their infants 
at birth or in early infancy has a significant role in the 
endemicity of  HBV infection and causes an increased 
risk of  chronic hepatitis B (CHB)[2]. The prevention of  
perinatal or vertical transmission is crucial in the control 
of  hepatitis B endemicity. Without immunoprophylaxis 
> 90% of  infants, born to mothers with hepatitis B e 
antigen (HBeAg), become chronically infected with HBV. 
In recent years, active and passive immunoprophylaxis of  
newborns and universal vaccination programs have re-
duced the transmission rates of  HBV[1-4]. It was reported 
that passive or active immunization within 12 h of  birth 
may lead to the prevention of  perinatal transmission of  
HBV[5]. However, some studies showed that HBV immu-
noprophylaxis fails in 10%-15% of  infants[6,7], mainly as a 
result of  vertical infection[8-11]. A high level of  maternal vi-
remia is a significant factor in prophylaxis failure. A posi-
tive correlation between high maternal serum HBV DNA 
levels and an increased risk for vaccination breakthrough 
was found in these studies[8-11]. These data have introduced 
the idea of  antiviral therapy in pregnant women with a 
high level of  maternal viremia and high maternal serum 
HBV DNA levels.

Among the oral anti-HBV agents approved by United 
States Food and Drug Administration (FDA), Tenofovir 
disoproxil fumarate (TDF) is an effective agent due to its 
potency and resistance profile[13-15]. TDF is a nucleotide 
analog which inhibits reverse transcriptase and blocks HBV 
replication in liver cells[2,16]. In over 600 human immuno-
deficiency virus (HIV) mono-infected and HIV/HBV co-
infected mothers, it was reported that TDF had a favorable 
efficacy and safety profile[16-18]. However, to our knowl-
edge, there are limited data available in the literature on 
the safety and efficacy of  TDF therapy during pregnancy 
in highly viremic mothers with chronic hepatitis B and its 
impact on the perinatal transmission of  HBV.

In the current study, we evaluated the efficacy and 
safety of  TDF use during late pregnancy to reduce HBV 
transmission in highly viremic HBeAg positive mothers.

MATERIALS AND METHODS
Patients
This was a retrospective study conducted in six hopitals 
in South-east Anatolia, Turkey. A total of  45 pregnant 
women, who were diagnosed with HBeAg-positive 
chronic hepatitis B before 12 wk of  gestation between 
February 2010 and January 2012, were included in this 
study. Twenty-one patients were treated with TDF 300 

mg orally once a day (Viread; Gilead Sciences, CA, Unit-
ed States) from week 18 to 27 of  gestation (n = 21) and 
served as the treated-group. Twenty-four untreated preg-
nant women with active hepatitis B infection served as the 
control group. The treated patients received TDF until the 
fourth week after delivery.

Eligibility criteria for inclusion in this study were: (1) 
pregnant women; (2) positive for serum HBsAg and 
HBeAg for a period of  at least 6 mo; (3) HBV DNA lev-
els ≥ 7 log10 copies/mL before initiation of  TDF; (4) 
treatment-naive patients; (5) patients without lamivudine 
resistance; and (6) patients without gestational diabetes, 
vaginitis, arrhythmia, anemia or proteinuria.

Forty-five pregnant women met all inclusion criteria 
and were included in the study. Mothers with HIV co-in-
fection, pregnancy complications, or an abnormal sono-
graphic examination were excluded from TDF therapy. 
Baseline demographic data and virological characteristics 
(age, race, HBeAg, and history of  prior HBV therapy) 
of  the pregnant women were recorded. Blood and urine 
beta-HCG were tested in all patients).

HBsAg, HBeAg, anti-HBe, HBV DNA, alanine ami-
notransferase (ALT), aspartate aminotransferase levels, 
and creatinine level were measured at intervals of  12 wk. 
Both the mothers and infants were evaluated at periodic 
intervals during the intrauterine period. 

All newborns were evaluated for congenital malfor-
mations, hypothyroidism, and phenylketonuria at birth. 
Infant Apgar score, anthropometry, birth defects, history 
of  immunoprophylaxis, mode of  delivery and complica-
tions were evaluated and recorded. 

HBV DNA was quantified using the Roche COBAS 
Amplicor HBV monitor assay which has a low limit of  
detection (LLD) of  500 copies/mL (Roche Molecular Di-
agnostics, Branchburg, NJ, United States). This assay was 
later replaced by the Roche COBAS TaqMan HBV Test 
with a LLD of  50 copies/mL (Roche Molecular Diagnos-
tics). HBV serological markers were detected by enzyme-
linked immunosorbent assay kits (Abbott Labs, North 
Chicago, IL, United States) on an ARCHITECT 2000 full 
automatic chemiluminescence immunoassay instrument 
(Abbott Labs, North Chicago, IL, United States) accord-
ing to the manufacturer’s instructions. Hearing screening 
was tested by Echo Screen (Madsen, Germering, Ger-
many). Heel blood was taken from the infants after 72 h 
of  breastfeeding and then dried blood-spot specimens on 
filter paper were sent to the laboratory for congenital phe-
nylketonuria and hypothyroidism screening.

According to national and international treatment guide-
lines, all infants received 200 IU of  hepatitis B immune 
globulin (HBIG, HyperHEP B solvent/detergent treated; 
Talecris Biotherapeutic, NC, United States) within 24 h 
postpartum and 20 μg of  recombinant HBV (Recombivax 
HB; Merck Sharp and Dohme, NJ, United States) vaccine 
(4, 8, and 24 wk). Infants were evaluated in terms of  se-
rum HbsAg and HBV DNA levels at postpartum weeks 
4-28. Vertical transmission was evaluated by HBsAg test-
ing of  infant peripheral blood at 4-28 wk of  age. 
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Table 2  Maternal outcomes in the control group and tenofo-
vir disoproxil fumarate-treated group  n  (%)

Table 1  Maternal characteristics of the control group and 
tenofovir disoproxil fumarate-treated group

Ethics
All participants gave their written informed consent and 
did not receive any compensation for taking part in this 
study. The study conformed to the standards set by the 
latest revision of  the Declaration of  Helsinki and was ap-
proved by the Ethical Committee.

Statistical analysis
Statistical analysis was performed using Stata software ver-
sion 10 (Computer Resource Center, Chicago, IL, United 
States). Measurement data were expressed as mean ± SD 
and compared with analysis of  variance. Fisher’s exact test 
was used for comparison of  transmission rate. P < 0.05 was 
considered statistically significant.

RESULTS
Maternal characteristics
HBV DNA levels were > 2000000 IU/mL (107 copies/
mL) in all patients (treated-group and control group). The 
median maternal age was 27.7 ± 3.7 years. Serum creati-
nine levels were within the normal ranges in all patients. 
Two patients in the treated-group had compensated cir-
rhosis (10%) (Table 1).

Maternal outcomes
All the mothers in the treated-group continued to receive 
therapy during the study period. In the treated-group, all 
pregnant women delivered, however, one patient in the 

control group had a spontaneous abortion at week 9. 
In the treated-group, gestational diabetes was found 

in one patient, vaginitis in one patient, arrhythmia in one 
patient, and anemia in one patient. Three patients (14.3%) 
had proteinuria in the treated-group. Elevated creatinine 
kinase (CK) was detected in one (4.7%) patient in the 
treated-group at week 6, and reached the highest level 
(341 mg/dL) at week 8. At this time, the patient had no 
complaints or muscle function loss. Muscle function tests 
in this patient were normal, and she was diagnosed with 
asymptomatic CK elevation.

One patient (4.7%) in the treated-group had elevated 
levels of  ALT (258 U/L) at week 7, however, ALT levels 
were normal at week 11 of  treatment.

 At postpartum week 28, significantly more TDF-
treated mothers had levels of  HBV DNA < 50 IU/mL 
(250 copies/mL) and normalized ALT compared with 
controls (62% vs none, P < 0.001; 82% vs 61%, P = 0.012, 
respectively). There were no differences in adverse effects 
in mothers between the groups (Table 2). The treated 
mothers had no hepatic flares until the fourth week after 
delivery.

Infant characteristics and outcomes
Atthe 20th gestational week evaluation, no serious com-
plications were observed in the infants of  the treated-
group, although 3 (14.3%) infants had growth retarda-
tion as shown on ultrasound screening. However, these 
infants did not show growth retardation at week 24th 
following ultrasound monitoring.

Birth weight was < 2500 g in two (4.7%) newborn. 
Hypothyroidism, phenylketonuria and congenital hear-
ing loss were not observed in any of  the newborn. At 28 
wk, none of  the infants whose mothers received TDF 
had immunoprophylaxis failure, whereas 2 (8.3%) of  
the infants of  control mothers had immunoprophylaxis 
failure (HBsAg positivity was detected) (P = 0.022). 
Anti-HBs levels were < 100 mIU/mL in one (4.7%) of  
the vaccinated neonates of  treated mothers, while levels 
were > 100 mIU/mL in the remaining (95%) vaccinated 
neonates of  treated patients. No differences in infant 
congenital deformities, gestational age, height, or weight 
between the groups were observed (Table 3).

DISCUSSION
In this retrospective study, we report the efficacy and safe-
ty of  TDF in the prevention of  vertical transmission (VT) 
in pregnant women with high viremia HBV infection[15]. 
Immunoprophylaxis with immediate HBIG and HBV vac-
cine after delivery effectively prevented VT in these cases. 
Failure of  immunoprophylaxis is generally caused by high 
maternal viral load[9,11,15]. It has been clearly demonstrated 
that there is a correlation between intrauterine serum 
HBV DNA levels and perinatal transmission of  HBV in 
pregnant women[15]. HBV DNA level was found to be an 
independent risk factor for failure of  immunoprophylaxis 
in HBeAg-positive mothers with high HBV DNA levels 
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Maternal characteristics Control group 
(n  = 24)

Treated group 
(n  = 21)

Mean age (yr) 26.9 ± 2.9 28.2 ± 4.1
HBV DNA (IU/mL) 8.31 log 8.28 log 
ALT levels (U/L )  52 (19-77) 56 (22-71)
Serum creatinine levels 
(mg/dL)

0.81 (0.6-1.0)  0.79 (0.6-0.98)

Compensated cirrhosis 0 (0%) 2 (10%)

HBV: Hepatitis B virus; ALT: Alanine aminotransferase.

Maternal outcomes Control group 
(n  = 24)

Treated group 
(n  = 21)

HBV DNA < 50 IU/mL 0 (0) 13 (62)
Normalized ALT (U/L) 15 (61) 17 (82)
Elevated creatinine kinase 
(> 165 mg/dL) 

0 (0)    1 (4.7)

Spontaneous abortion 1 (4) 0 (0)
Gestational diabetes 0 (0)    1 (4.7)
Vaginitis 0 (0)    1 (4.7)
Arrhythmia 0 (0)    1 (4.7)
Anemia 0 (0)    1 (4.7)
Proteinuria    1 (4.2)    2 (10)

HBV: Hepatitis B virus; ALT: Alanine aminotransferase.
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Table 3  Outcome of infants born to control mothers and tenofovir disoproxil fumarate-treated mothers  n  (%)

(≥ 6 log10 copies/mL)[19]. For these reasons we included 
mothers with high levels of  DNA in the present study.

There are many studies on the use of  TDF to prevent 
VT in HIV mono-infected and HIV/HBV coinfected 
mothers in the literature[17,18]. However, there are limited 
data on the use of  TDF in pregnancy and in the preven-
tion of  VT in HBV mono-infected mothers. According 
to previous studies, early post-natal immunoprophylaxis 
with antiviral therapy in mothers in the third trimester 
was safe, well-tolerated, and effectively prevented VT 
of  HBV[2,20]. Among five FDA approved oral anti-HBV 
agents, TDF and entecavir are the most effective agents 
due to their resistance profile and potency[13,15]. TDF and 
telbivudine are classified as category B (no evidence of  
risk to humans: either animal findings indicate risk, but 
human findings do not; or, if  no adequate human stud-
ies have been conducted, animal findings are negative) 
for use in pregnancy, whereas lamivudine, entecavir, and 
adefovir are category C (risk cannot be ruled out: human 
studies are lacking, and animal studies are either positive 
for fetal risk, or are lacking). However, potential benefits 
may justify the potential risk) in the FDA drug category 
for pregnancy[15].

In a randomized, double-blind, placebo-controlled 
study with lamivudine, it was found that lamivudine 
therapy during late pregnancy can reduce HBV perina-
tal transmission in highly viremic mothers. This study 
demonstrated that infants in the lamivudine + vaccine + 
HBIG group had a significant decrease in the incidence 
of  HBsAg seropositivity (10/56, 18% vs 23/59, 39%, 
P = 0.014) and in detectable HBV DNA (11/56, 20% 
vs 27/59, 46%, P = 0.003) compared to infants who re-
ceived placebo + vaccine + HBIG. The results of  this 
study suggested that lamivudine reduced HBV transmis-
sion from highly viremic mothers to their infants follow-
ing immunization[20]. In another prospective, open-label 
controlled study evaluating the efficacy and safety of  
telbivudine use during late pregnancy, a striking decline 
in HBV DNA levels was seen from treatment onset to 
week 4, and remained at a low level from week 12. Ac-
cording to this study, 33% of  the telbivudine-treated 
mothers and none of  the untreated controls had DNA 
< 500 copies/mL at delivery and seven months after 
delivery, and the incidence of  perinatal transmission was 
lower in the infants of  telbivudine-treated mothers than 
in the controls (0% vs 8%; P = 0.002)[2]. In a case series 
by Pan et al[15], TDF therapy in the third trimester was 
evaluated in eleven Asian women with HBV. In their un-

controlled study, a significant reduction in serum HBV–
DNA was achieved at delivery compared with baseline, 
and all infants were HBsAg negative 28-36 wk after 
birth[15]. In our controlled study, at postpartum week 28 
significantly more TDF-treated mothers had low levels 
of  HBV DNA and none of  the infants of  21 treated 
mothers had immunoprophylaxis failure. In light of  
these results, we suggest that TDF use in the third tri-
mester is safe and effectively prevents VT of  HBV from 
high viremic HBeAg-positive mothers.

When the potential benefit of  an antiviral-agent is 
evaluated, adverse effects of  that antiviral-agent should 
also be taken into consideration. These adverse effects 
include teratogenicity, long-term effects on bone develop-
ment in the infant, post-treatment ALT flares, and HBV-
resistant mutations. Studies have indicated that TDF 
can cause renal events in HIV patients and patients with 
preexisting renal disease. However, nephrotoxicity was 
not observed during a three-year period of  TDF use 
in chronic HBV patients with preserved baseline renal 
function[21,22]. According to analyzed neonatal safety data 
from the Antiretroviral Pregnancy Registry (APR), the 
birth defect prevalence of  earliest exposure commencing 
in the first trimester was 3.1% for lamivudine and 2.4% 
for TDF; earliest exposure commencing in the second 
or third trimester was 2.7% for lamivudine and 2.0% for 
TDF[23]. A meta-analysis of  lamivudine in late pregnancy 
reported that no significant increase in adverse effects or 
complications in pregnancy was observed[24]. In the large-
scale controlled study by Han et al[2], no serious adverse 
events were noted in the telbivudine-treated mothers or 
their infants. In a Chinese study conducted in eight preg-
nant HBV women receiving TDF, HBV flares, an increase 
in creatinine and birth defects were not observed, and 
all newborn parameters were appropriate for gestational 
age[25]. Several clinical studies and the APR have stated that 
anti-viral agents for hepatitis are safe in pregnancy during 
the second/third trimester[15,23]. The relationship between 
TDF and fetal growth, particularly bone development is a 
matter of  concern. Studies of  pregnant monkeys showed 
that the use of  TDF can cause reduced fetal growth and 
a reduction in fetal bone porosity within two months of  
starting maternal therapy[26]. TDF use in HIV-infected 
children has been reported to result in decreases in bone 
mineral density[27,28]. However, long-term safety data in 
infants perinatally exposed to TDF demonstrated no ab-
normal bone metabolism or growth impairment in these 
children[29,30]. In the study by Pan et al[15], serum creatinine 
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Infant characteristics and outcomes Infants of control group mothers (n  = 23) Infants of treated group mothers (n  = 21)

Birth weight < 2500 g    1 (4.3)   1 (4.7)
Immunophrophylaxis failure    2 (8.3) 0 (0)
Anti-hepatitis B surface levels > 100 mIU/mL 19 (82) 20 (95)
Hypothyroidism 0 (0) 0 (0)
Phenylketonuria 0 (0) 0 (0)
Congenital hearing loss 0 (0) 0 (0)
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levels were stable and within the normal range during 
TDF treatment in all mothers, and they did not encounter 
any adverse pregnancy outcomes and/or birth defects. 
Similarly, in the current study we did not observe any dif-
ferences in adverse events in mothers or infant congenital 
deformities, gestational age, height, or weight between the 
groups.

In conclusion, this controlled study revealed that the 
use of  TDF in highly viremic chronic hepatitis B mothers 
during the second or third trimester of  pregnancy reduced 
the rate of  perinatal transmission. Tenofovir disoproxil 
fumarate produced no adverse events in infants or moth-
ers by 28 wk and is a safe and effective agent in pregnant 
women with high viremia.
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Abstract
AIM: To study the association between the incidence 
of gastric cancer and populational exposure to risk/pro-
tective factors through an analysis of international da-
tabases. 

METHODS: Open-access global databases concerning 
the incidence of gastric cancer and its risk/protective 
factors were identified through an extensive search 
on the Web. As its distribution was neither normal nor 
symmetric, the cancer incidence of each country was 
categorized according to ranges of percentile distribu-
tion. The association of each risk/protective factor with 
exposure was measured between the extreme ranges 
of the incidence of gastric cancer (under the 25th per-
centile and above the 75th percentile) by the use of the 
Mann-Whitney test, considering a significance level of 
0.05. 

RESULTS: A variable amount of data omission was 
observed among all of the factors under study. A weak 
or nonexistent correlation between the incidence of 
gastric cancer and the study variables was shown by 
a visual analysis of scatterplot dispersion. In contrast, 

an analysis of categorized incidence revealed that the 
countries with the highest human development index 
(HDI) values had the highest rates of obesity in males 
and the highest consumption of alcohol, tobacco, fruits, 
vegetables and meat, which were associated with high-
er incidences of gastric cancer. There was no significant 
difference for the risk factors of obesity in females and 
fish consumption.

CONCLUSION: Higher HDI values, coupled with a 
higher prevalence of male obesity and a higher per 
capita  consumption of alcohol, tobacco, fruits, vegeta-
bles and meat, are associated with a higher incidence 
of gastric cancer based on an analysis of populational 
global data.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Gastric cancer; Risk factors; Epidemiologic 
factors; Environment; Public health

Core tip: An ecological study on gastric cancer based 
on public databases proved to be feasible and promis-
ing, and this method can be used to monitor the be-
havior of the disease globally. The results of this study 
indicated a higher level of development, coupled with 
the highest prevalence of male obesity and a higher 
per capita  consumption of alcohol, tobacco, fruits, 
vegetables and meat, among the countries with the 
highest incidences of gastric cancer. In contrast, a high 
consumption of vegetables was associated with a lower 
disease incidence in other countries.
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INTRODUCTION
Although its incidence has been declining in many coun-
tries, gastric cancer is still the second leading cause of  
death from malignancy worldwide, accounting for 700349 
deaths in 2002[1].

The identification of  risk factors associated with ma-
lignancies is of  great importance because this knowledge 
can facilitate not only the development of  policies aimed 
at the prevention of  cancer occurrence but also the vigi-
lance of  at-risk groups regarding the early identification 
of  new cases. Such identification is usually performed 
through observational studies, and especially case-control 
and cohort studies, which involve high-cost processes 
from a financial perspective and a long time to comple-
tion. However, those types of  studies, although numer-
ous, are usually conducted on limited population sizes, 
social profiles and geographic locations, with a conse-
quent limitation of  the generalizability of  the results.

The systematic recording of  the health data, social 
characteristics and habits of  living populations and the 
consequent creation and maintenance of  public databases 
have been made possible by the development of  tech-
niques for ecological study. These methods, by definition, 
allow a shift of  the focus of  analysis from the individual 
to the population. Ecological studies allow inferences 
about the effect of  risk conditions on rates of  diseases in 
populations. Despite limitations in measuring individual 
aspects and in the analysis of  the cumulative effects of  
factors, such studies have great value due to their simplic-
ity and low cost of  analysis, may contribute to the devel-
opment of  health policies and may guide research efforts 
specific to large populations.

Given the notable differences in the frequency and 
distribution of  gastric cancer in the various countries of  
the world and the operational difficulties of  running tra-
ditional epidemiological studies on global demographic 
trends and risk factors, we performed a study on risk fac-
tors’ association with gastric cancer through populational 
database analysis.

MATERIALS AND METHODS
Databases
The age-standardized incidences of  stomach cancer in 
184 countries were obtained from the public database 
maintained by the GLOBOCAN Project of  the Inter-
national Agency for Research on Cancer (IARC) of  the 
World Health Organization (WHO), considering the 
most recent data available (from 2008).

GLOBOCAN project
Over the past 30 years, the IARC has published regular 
estimates of  the incidence of  and mortality from major 
types of  cancer in several regions of  the world at the na-
tional level, focusing on 184 countries, using new sources 
of  data and improved methods of  estimation. The results 
of  the data collection in 2008 can be summarized as fol-

lows: (1) National incidence data - systematically collected 
by IARC member countries (62 countries); (2) Data from 
one or multiple local records - presented by the weighted 
average (75 countries); (3) Data derived from known fre-
quencies of  all types of  cancer - adjusted for the known 
relative frequency of  each type (13 countries); and (4) No 
data collected - presents data from neighboring countries 
in the same geographic region (34 countries).

Estimates are presented separately for each sex and 
divided into 10 age groups. These values are based on the 
most recent data available at the IARC and on publicly 
available information on the Internet, including data from 
the cancer registries of  populational databases. These da-
tabases can cover an entire national population but more 
often cover smaller, subnational areas, and in developing 
countries, only large cities.

Furthermore, the degree of  delay was taken into ac-
count by computing predictions. Although historical 
trends may not continue in the future, predictions based 
on linear trend patterns have been empirically shown to 
be reasonably accurate, particularly in the short term.

When historical data and a sufficient number of  
registered cases were available, the incidence rates were 
projected for 2008. Otherwise, the incidence rates of  the 
most recent period were applied.

Regional models were used when data on the inci-
dence in specific countries or locations were absent or 
when the data were considered to be of  insufficient qual-
ity. In the absence of  data, the values ​​of  neighboring 
countries in the same region were used.

Risk and protective factors
For the selection of  risk and protective factors described 
in the medical literature, an extensive review was con-
ducted through the search engines MEDLINE and 
PubMed, using the following keywords and limiters: gas-
tric cancer, risk factors, etiology, epidemiology and diet 
factors. After characterizing these factors, we performed 
a search of  specific databases to determine populational 
exposure to the factors using the Google search engine, 
with emphasis on references from government agencies 
and nongovernmental organizations linked to each mark-
er. The year of  reference for each factor was 2008 or the 
closest available year.

Helicobacter pylori 
We analyzed data from studies published between 1990 
and 2012 in PubMed and MEDLINE using the following 
key words and limiters: Helicobacter pylori (H. pylori), Heli-
cobacter, Helicobacter pylori, incidence, prevalence and epi-
demiology. We performed this search because there is no 
global database containing the values ​​of  the incidence and 
prevalence of  colonization by the agent. The values col-
lected showed a lack of  precision and a large omission of  
data, as we could identify references to only 54 of  the 183 
studied countries. Thus, we decided to exclude this risk 
factor from further analysis, despite its clinical relevance.
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Tobacco
Data were collected from the Global Health Observatory 
Data Repository of  the WHO. The reference variable 
used was the percentage of  the population using any to-
bacco product (age-standardized rate).

Alcohol
Data were collected from the World Health Statistics 
database of  the Global Health Observatory Data Reposi-
tory of  the WHO. The reference variable used was liters 
of  pure alcohol/person/year.

Obesity
Data were collected from the World Health Statistics 

database of  the Global Health Observatory Data Reposi-
tory of  the WHO. The reference variable used was the 
percentage of  adults over 20 years that present a body 
mass index (BMI) > 30 kg/m2.

Consumption of fruits, vegetables, legumes, meat and 
fish
Data were collected using the FAOSTAT tool of  the 
Food and Agriculture Organization (FAO) database of  
the United Nations. The reference variable used was con-
sumption in g/person/d.

Salt consumption
We could not find databases regarding average per capita 
salt intake or consumption in different countries, so this 
factor was excluded from our analysis.

Human development index 
Data on the human development index (HDI) were col-
lected from the database of  Human Development Re-
ports of  the United Nations.

Statistical analysis
The bivariate relationship of  characteristics has been pri-
marily studied by plotting data on the incidence of  gastric 
cancer and various numerical indicators associated with 
risk in scatter plots. As the incidence of  gastric cancer 
in 183 countries did not have a normal (Kolmogorov-
Smirnov P < 0.001) or symmetric (histogram analysis) 
distribution, the distribution of  incidences was catego-
rized into percentile ranges (10, 25, 50, 75 and 90). A new 
graphical analysis of  the association between the inci-
dence of  cancer (categorized) and measures of  exposure 
to each risk factor was performed using box plots. 

The Mann-Whitney test was then used to test for 
differences in measures of  exposure to each risk factor 
between the extreme ranges of  incidence (under the 25th 

percentile and above the 75th percentile) (Table 1).
A database of  collected data was created using the 

software MS Excel, and data analysis was performed us-
ing SPSS v. 13.0, considering a significance level of  0.05.

As the research was performed using open-access 
public databases, it was unnecessary to obtain express au-
thorization from the maintainers of  such data. The data’
s sources are properly cited along with the disclosure of  
the results of  this study, as recommended by the sources.

We could not identify any conflicts of  interest or ethi-
cal conflicts in the implementation of  the present study, 
so submission for analysis by the Committee of  Ethics in 
Research was not necessary, according to its own rules.

RESULTS
In the cross-analysis of  variables from different data-
bases, which is the basis of  this study, it was expected 
that values for each risk factor under study ​​could not 
be found for all countries. Thus, the availability of  data 
ranged from 58 countries for the prevalence of  H. pylori 
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Table 1  List of countries categorized by extreme incidences

< P25 Incidence > P75 Incidence

Botswana 0.2 Chinese Taipei 15.6
Namibia 0.7 Poland 15.6
Malawi 0.8 Singapore 15.8
Lesotho 0.9 Austria 15.9
Sudan 1.0 Bosnia and Herzegovina 16.2
Swaziland 1.0 Azerbaijan 16.4
Tanzania 1.0 Bhutan 16.6
Central African 
Republic

1.1 Uruguay 16.7

Chad 1.1 Guatemala 17.0
Eritrea 1.1 Honduras 17.0
Gambia 1.1 Slovakia 17.2
Cameroon 1.2 Vietnam 17.3
Comoros 1.2 Spain 17.5
Equatorial Guinea 1.2 Peru 18.1
Gabon 1.2 Georgia 18.6
Niger 1.2 Germany 18.6
Nigeria 1.2 Kyrgyzstan 18.6
Republic of Congo 1.3 Romania 18.7
Djibouti 1.3 Moldavia 18.8
Gaza Strip 1.3 Jamaica 19.3
Maldives 1.3 Hungary 20.8
Mozambique 1.5 Costa Rica 20.9
Syria 1.5 Kazakhstan 21.4
United Arab Emirates 1.5 Armenia 21.8
Saudi Arabia 1.7 Slovenia 22.3
Egypt 1.8 Chile 22.4
Togo 1.8 Ecuador 22.4
Benin 1.9 Croatia 22.6
Burkina Faso 1.9 Mongolia 22.8
Ethiopia 1.9 Macedonia 22.9
Zambia 1.9 Bulgaria 23.5
Kuwait 2.0 Montenegro 23.6
Qatar 2.0 Italy 26.0
Sri Lanka 2.0 Ukraine 26.2
Iraq 2.1 Latvia 26.8
Yemen 2.1 Albania 26.9
Angola 2.2 Portugal 27.1
Sierra Leone 2.2 Lithuania 27.6
Republic of South Africa 2.2 Estonia 27.9
Ivory Coast 2.4 Russia 28.7
Laos 2.4 China 34.5
Oman 2.4 Belarus 36.4
Somalia 2.4 South Korea 56.3
Solomon Islands 2.5 Japan 80.2
Ghana 2.6
Libya 2.6
Vanuatu 2.6
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percentile (< P25) and above the 75th percentile (> P75)], 
a different view of  the association was possible. The 
countries categorized in the extreme incidence ranges are 
presented in the world map in Figure 2.

The Mann-Whitney test showed differences in mea-
sures of  certain risk factors between the extreme inci-
dence ranges, as summarized in Table 2.

Countries in the > P75 range of  the incidence of  gas-
tric cancer had a significantly higher average HDI (0.76019 
vs 0.52404) than countries in the < P25 range.

The consumption of  alcohol was associated with 
higher incidences of  gastric cancer, with an average con-
sumption of  10.60 L/person/year, which is significantly 
higher than the consumption in countries with incidences 
below the 25th percentile (3.75 L/person/year).

The consumption of  tobacco was also associated with 
the highest incidences of  gastric cancer, with an average 
of  30.03% of  the population being consumers of  any 
tobacco product, compared with an average of  14.47% 
among countries with incidences of  cancer below the 25th 
percentile.

A higher consumption of  fruits was related to higher 
incidences of  gastric cancer. An average consumption of  
222.9 g/d was observed among countries with incidences 
above the 75th percentile, and consumption of  145.8 g/d 
was observed among countries with incidences below the 
25th percentile.

The same direction of  association was found for 
vegetable consumption, with an average consumption of  
318.7 g/d among countries with the highest incidences 
of  gastric cancer and an average of  154.4 g/d among 
countries below the 25th percentile of  the distribution of  
cancer incidence.

However, a higher consumption of  legumes was 
significantly associated with lower incidences of  gastric 
cancer.

The highest per capita consumption of  meat was re-
lated to higher incidences of  gastric cancer, as an average 
consumption of  157.1 g/d/person was found in coun-
tries grouped above the 75th percentile of  the distribution 
of  the incidence of  gastric cancer, in comparison with an 
average of  63.3 g/person/d in countries below the 25th 
percentile.

In contrast, no significant association was observed 
for between the average consumption of  fish and the 
population rates of  female obesity.

Regarding the national percentage of  obese male 
adults, the difference was significant, as the highest rates 
of  obesity were associated with higher incidences of  gas-
tric cancer.

These results were reinforced by the analysis of  box-
plot diagrams shown in Figure 3.

DISCUSSION
The prevention and treatment of  stomach cancer, which 
is currently the fourth most common malignancy world-
wide, are still major challenges[2-4].

to 172 countries for the consumption of  alcohol and 
obesity, considering the 183 countries for which the in-
cidence of  gastric cancer was available in the GLOBO-
CAN database. 

A visual analysis of  the scatter plots of  the incidence 
of  gastric cancer and the study variables suggested a weak 
or nonexistent correlation, as exemplified by Figure 1.

By the selection of  extreme incidences of  gastric 
cancer according to percentile distribution [under the 25th 
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Figure 1  Several of the scatter plots. A: Meat; B: Tobacco; C: Alcohol. 
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There are geographic and ethnic differences in the 
distribution of  the incidence of  gastric cancer worldwide 
and changing trends in each population over time, which 
hinder a better understanding of  this cancer’s etiology.

It is assumed that the incidence has been decreasing 
in most industrialized countries over the past three de-
cades and that the incidence patterns observed in immi-
grant groups move toward the patterns in the countries 
of  origin. These changes suggest a close association of  
gastric cancer with modifiable factors[5-11].

During the development of  this study, when we first 
analyzed the crude data from all countries, we could not 
detect significant associations between protective/risk 
factors and gastric cancer due to the weak correlations 
observed. However, when studying the extreme incidenc-
es, we observed evidence of  several of  the associations 
already described in the literature between dietary/behav-
ioral factors and the incidence of  gastric cancer.

The IARC has presented fruits and vegetables as 
probable protective factors in the development of  stom-

ach cancer. Therefore, the World Cancer Research Fund 
recommends a daily intake of  vegetables/fruits greater 
than 400 g for a protective effect. This association was 
not observed in the current study. Moreover, although 
gastric cancer is considered to be a multifactorial disease, 
we observed that several of  the countries with higher 
incidences, such as Korea, had a per capita consumption 
of  fruits and vegetables above the suggested protective 
intake.

Part of  this result may be justified by specific di-
etary components and certain cooking practices that are 
also associated with an increased risk of  gastric cancer 
through the formation of  N-nitroso compounds and 
polycyclic aromatic hydrocarbons. These practices in-
clude grilling, baking, curing, drying in the sun, smoking, 
cooking, frying in open ovens and salting. Certain foods 
also have natural nitrate concentrations (cabbage, cau-
liflower, carrots, celery, radishes, beets and spinach), or 
these compounds may be added during preservation. In 
addition, the nitrate content in soil fertilizers and water 

Figure 2  World map of countries with extreme incidences of gastric cancer. Blue: Countries categorized as < P25; Red: Countries categorized as > P75. 

Table 2  Association between the incidence of gastric cancer and risk/protection factors based on the Mann-Whitney test

Risk/protective factors n n  (< P25) Average SD n  (> P75) Average SD P value

HDI 171 46     0.52     0.14 43     0.76     0.09 0.000
Alcohol, liters of alcohol/inhabitant per year 172 45     3.74     3.42 43   10.59     5.17 0.000
Tobacco, % of smoking population 132 36   14.47     7.27 35   30.03     7.11 0.000
Fruits, g/person per day 165 42 145.84 109.74 40 222.9   89.92 0.001
Vegetables, g/person per day 165 42 154.35 151.55 40 318.66 167.25 0.000
Legumes, g/person per day 165 42   23.08   19.88 41     8.42     8.91 0.000
Meat, g/person per day 165 42   63.26   51.07 42 157.05   63.16 0.000
Fish, g/person per day 162 42   42.56   74.83 38   44.93   42.14 0.260
Obesity in males, % men > 20 yr and BMI > 30 kg/m2 172 46 9.56 102.11 42   17.03 67.73 0.000
Obesity in females, % women > 20 yr and BMI > 30 kg/m2 172 46 18.94 150.44 42   21.66 81.28 0.100

HDI: Human development index; BMI: Body mass index.
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also contributes to the level of  dietary nitrate[12].
When evaluating obesity in males and the consump-

tion of  meat, vegetables, tobacco and alcohol, the results 
were consistent with findings described in the literature, 
reinforcing the concept that a modification of  lifestyle 
represents a practical strategy for preventing gastric can-
cer, especially in middle-aged or elderly people[12-14].

Currently, more than 80% of  cases of  gastric cancer 
may be associated with infection by H. pylori. In general, 
both cancer and infection tend to affect more individuals 
of  lower socioeconomic classes, presumably due to poor 
education and sanitary conditions[15-21]. Due to the un-
availability of  a worldwide database representing this fac-
tor, we could not study its association with gastric cancer 
incidence.

It is known that the incidence rates of  gastric cancer 
can vary up to 10 times worldwide and that nearly two-
thirds of  stomach cancers occur in developing countries. 
Even so, Japan and Korea, countries with high levels of  
development, have the highest rates of  gastric cancer in 
the world[22-27]. 

One of  the possible explanations for this finding 
might be the large difference not only in the etiology but 
also in the programs for early detection, specialized treat-
ment and prevention in these countries. Furthermore, 
there is evidence that in areas of  low incidence, genetic 
and biological characteristics seem to have a greater influ-
ence on the development of  the disease. For example, 
the incidence of  cancer in Africa is the lowest among all 
developing and developed countries, ranging from 2 to 
5.6/100000[5,28].  

It is important to remember that proximal tumors 
are more common in developed countries and in higher 
socioeconomic classes and have shown a progressive in-
crease in incidence[29]. Distal tumors remain predominant 
in Japan, the country with the highest incidence, in con-
trast to the rest of  the world[14,29].  

The multifactorial etiology of  gastric cancer im-
poses an additional challenge on the understanding and 
development of  effective prevention and monitoring 
programs. The most appropriate epidemiological studies 

that are focused on factors associated with the disease 
require long and careful monitoring because these studies 
are based on observing individual cases, exposure to fac-
tors and cancer development, which makes these studies 
extremely expensive. The present study, with no claim 
to challenge epidemiological data or to create a method 
to replace epidemiological studies, proposes the imple-
mentation of  a simple, low-cost methodology for the 
evaluation of  the relationship between risk factors and 
outcome.

Ecological studies are valued in research on seasonal 
changes or geographical variations of  events, especially 
under adverse social or territorial conditions that make it 
impossible to study every citizen. However, such studies 
have limitations. By shifting the focus from the subject to 
the population, one can lose sight of  the direct relation-
ship between a risk/protective factor and individual de-
velopment of  the disease. However, as exposure is mea-
sured in an ecological way, it is assumed that an average 
variation in the incidence of  gastric cancer in a particular 
country also reflects a variation in the average exposure 
of  each individual residing there[30-33]. This concept can 
be taken into consideration when evaluating individual 
consumption of  food, tobacco products or alcohol.

The quality of  a database depends on the properties 
of  the components used in its formulation and the accu-
racy of  the information systems used in its construction, 
including the database’s integrity (completeness) and in-
ternal consistency (data consistent and not contradictory). 
The systematic application of  operational definitions and 
standardized procedures for measuring and calculating 
allows inferences about and predictions of  unavailable 
data[30,31].

Although we did not spare efforts to identify the best 
data needed for our research, the fact that we worked 
with secondary data implies a limitation of  this study, 
especially given a lack of  access to the primary measures. 
This lack of  data disallowed the proper analysis of  major 
risk factors, such as salt intake and exposure to H. pylori.

The attempt to create a database for the prevalence 
of  infection by H. pylori from data from published studies 
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Figure 3  Boxplot diagrams of human development index values. the consumption of alcohol, tobacco, fruits, vegetables, legumes, meat and fish; and the preva-
lence of obesity in males and females among countries with gastric cancer incidences < P25 and > P75. 
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to which we had access resulted in very small number of  
evaluated countries, which could have affected the final 
outcome. Thus, we disregarded the results of  this analysis 
in our conclusions. Due to its importance in the genesis 
of  gastric cancer, we consider the creation of  a global 
database for the prevalence of  H. pylori infection in each 
country to be important.

The inaccuracy of  cancer incidence data for certain 
countries due to the methodology used by GLOBO-
CAN, which is considered to be a relatively reliable and 
stable source, being widely used in technical and scientific 
papers, should be noted. However, the collection of  data 
from GLOBOCAN incorporates data measured by na-
tional health agencies and data derived from approxima-
tions of  incidence based on the known frequencies of  
all types of  cancer. In addition, 34 countries do not have 
local data, leading to the use of  data available for neigh-
boring countries in the same geographic region[4].

The data collected from the FAO of  the United Na-
tions include global information from national statistical 
offices with internationally recognized definitions, con-
cepts and classifications. Time series statistics have been 
compiled, processed and stored by each country since 
1961, and the database contains the records of  more 
than 245 countries and territories. The data are provided 
by governments through national publications and FAO 
questionnaires (paper or electronic). To make the data 
coverage as complete as possible, the official data are oc-
casionally supplemented with data from unofficial sources.

The ecological study of  gastric cancer based on pub-
lic databases proved to be feasible and promising, and 
this method can be used to monitor the global behavior 
of  similar diseases.
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Abstract
AIM: To evaluate the relationship between Helicobacter 
pylori  (H. pylori )-induced gastritis and white gastric mu-
cosal crypt openings (COs) in the gastric corpus. 

METHODS: A total of 175 consecutive patients (in-
cluding 69 patients with gastric cancer) were enrolled 
in this study. We used magnifying endoscopy (ME) to 
observe the mucosa microsurface of the lesser and 
greater curvature of the gastric corpus (350 areas in 
all). We focused on areas with a round pit microstruc-
ture (primarily observed in non-atrophied areas) and 
evaluated the white openings of these gastric pits. We 
classified the whiteness of the COs as the “white-edged 
dark spot” type (consisting of a dark spot bordered by 
white); the “white” type (pure white with no dark spot); 
and the “dense white pit (DWP)” type (dense white, 
resembling a snowball). Gastritis was also histologically 

evaluated according to the updated Sydney System.

RESULTS: We detected round COs using ME in 246 of 
the 350 areas examined. The histological examination 
showed significantly more mononuclear cells and neu-
trophil infiltration in the “white” and “DWP” types than 
the “white-edged dark spot” type (P  < 0.001). Further-
more, significantly high-grade inflammation and evi-
dence of active H. pylori -induced gastritis was observed 
in the “DWP” type (P  < 0.001). Significant differences 
were observed in the whiteness of COs between H. 
pylori -positive (n  = 139) and negative (n  = 36) patients 
(P  < 0.001). The sensitivity and specificity of the “white” 
and “DWP” types for predicting H. pylori  infection were 
78.5% and 81.7%, respectively. Of the patients with 
gastric cancer, 22.5% (18/80) had “white-edged dark 
spots”, 51.3% (41/80) had “white” COs, and 26.3% 
(21/80) had “DWP”-type COs. “DWPs” were frequently 
observed among patients with undifferentiated gastric 
cancer [45.7% (16/35)].

CONCLUSION: CO whiteness detected via  ME was as-
sociated with histological evidence of gastritis and helps 
to predict the severity of inflammation and H. pylori -
induced activity.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Recent studies have reported that advances 
in magnifying endoscopy (ME) have led to better cor-
relations between histopathological findings and the 
ME features of Helicobacter pylori  (H. pylori )-induced 
gastritis. However, the ME findings regarding H. pylori -
induced severe inflammation are insufficient. There-
fore, we evaluated the relationship between H. pylori -
induced gastritis and the whiteness of gastric mucosal 
crypt openings (COs) in the gastric corpus using ME. 
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Our results showed that mononuclear cell and neu-
trophil infiltration differed significantly among the CO 
subtypes. CO whiteness detected via  ME was associ-
ated with histological evidence of gastritis and helps to 
predict the severity of inflammation or activity induced 
by H. pylori  in the gastric corpus.

Kawamura M, Sekine H, Abe S, Shibuya D, Kato K, Masuda 
T. Clinical significance of white gastric crypt openings ob-
served via magnifying endoscopy. World J Gastroenterol 2013; 
19(48): 9392-9398  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i48/9392.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i48.9392

INTRODUCTION
Helicobacter pylori (H. pylori) infection causes acute and 
chronic inflammation accompanied by neutrophil or lym-
phocyte infiltration. This type of  persistent inflammation 
can result in gastric mucosal changes such as glandular 
atrophy, intestinal metaplasia, dysplasia, and eventually 
carcinoma[1-5]. Previous studies using conventional stan-
dard endoscopy have reported correlations between H. 
pylori-induced gastritis and endoscopic findings. Endo-
scopic atrophy is correlated with the grade of  glandular 
atrophy and intestinal metaplasia[6]. With regard to severe 
grades of  H. pylori-induced inflammation, nodular gastri-
tis in the antral area is an endoscopic marker for the early 
phase of  H. pylori infection and an exaggerated immune 
response[7-10].

Advances in magnifying endoscopy (ME) and narrow-
band imaging have enabled the real-time observation of  
the microsurface structure and microvascular architecture 
of  the gastric mucosa. Recent studies have reported that 
these advances have led to stronger correlations between 
histopathological findings and the ME features of  H. 
pylori-induced gastritis compared with data obtained us-
ing standard endoscopy[11-17]. Using ME, one can observe 
the microsurface structure of  the gastric mucosa change 
from a round pit pattern to vertical long pits, tubular and 
granular patterns after the start of  H. pylori-induced gas-
tritis.

However, many investigators have reported that the 
morphological changes identified using ME are closely 
associated with histological glandular atrophy or intestinal 
metaplasia. The data regarding the characteristics of  the 
ME findings in H. pylori-induced severe inflammation, 
such as nodular gastritis in the antral area, are insufficient. 
Therefore, we used high-resolution ME to investigate the 
characteristics of  H. pylori-induced inflammation of  the 
gastric corpus in H. pylori-negative and H. pylori-positive 
patients.

MATERIALS AND METHODS
Patients and methods
This observational study was performed in the endos-

copy unit of  a city hospital (JR Sendai Hospital, Sendai, 
Mi-, Japan). Between September 2007 and November 
2010, 175 consecutive patients who had undergone ME 
in our hospital as part of  their annual health checks to 
investigate digestive symptoms (or as an additional pre-
treatment examination) were enrolled. Patients were ex-
cluded if  they had severe systemic disease; had a history 
of  upper digestive tract surgery; had been treated with 
nonsteroidal anti-inflammatory drugs, antiplatelet agents, 
or anticoagulants within 7 d of  endoscopy; or had active 
bleeding, advanced gastric cancer, or other non-gastric 
malignancies. Patients who received H. pylori eradica-
tion therapy were also excluded. H. pylori infection was 
diagnosed using a rapid urease test, which examined the 
histology of  biopsy specimens obtained from the greater 
curvature of  the gastric antrum and body, and the urea 
breath test. Patients who tested positive on any of  these 
tests were considered positive for H. pylori infection. Writ-
ten informed consent was obtained from each patient, 
and the institutional review board of  JR Sendai Hospital 
approved the study protocol.

Endoscopic procedure
Magnifying endoscopy was performed using either a 
CV-240 or CV-260 video system (Olympus Optical, To-
kyo, Japan) and a magnifying endoscope (Model Q240Z 
or H260Z, Olympus). To obtain a clear view using ME, a 
black rubber attachment (MB-46 or MB-162, Olympus) 
was fitted to the tip of  the videoendoscope to ensure 
an appropriate distance between the lens and the muco-
sal surface. A single experienced endoscopist (Masashi 
Kawamura) performed all procedures. A videoendoscope 
was inserted into the patient’s stomach, and the diseased 
and uninvolved gastric mucosa were visualized using 
standard and magnified views. The microsurface struc-
tures of  the non-cancerous areas in the greater and lesser 
curvatures of  the upper gastric corpus were evaluated for 
the presence of  patterns such as round pit, long pit, tu-
bular, or granular. If  areas with round pit microstructures 
were observed under maximum magnification, then we 
evaluated the whiteness of  the gastric pit crypt openings 
(COs). Then, the specific area that had just been magni-
fied was biopsied under magnification. The whiteness of  
each round CO was classified into one of  the following 
three categories: A round dark spot bordered by white 
was classified as a “white-edged dark spot” CO; pure 
white COs without a dark spot were classified as “white” 
COs; and densely white COs resembling snowballs were 
classified as “dense white pit” (“DWP”) COs (Figure 1). 

Histological assessment
Biopsy specimens were fixed with buffered formalin and 
embedded in paraffin. Sections were stained with hema-
toxylin and eosin. An expert pathologist who was un-
aware of  the endoscopic findings assessed the grade of  
histological gastritis in each biopsy sample. The degree of  
mononuclear cell and neutrophil infiltration, atrophy, and 
intestinal metaplasia was assessed and graded as normal, 
mild, moderate, or marked using a visual analog scale in-
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cluded in the updated Sydney System[18]. Gastric carcino-
mas were classified as differentiated or undifferentiated 
based on the degree of  glandular structure formation 
among the tumor cells (the Japanese Classification was 
proposed by the Japanese Research Society for Gastric 
Cancer)[19]. These types match the intestinal and diffuse 
types of  gastric carcinoma, respectively, described in the 
Lauren classification[20].

Statistical analysis 
The results are presented as the mean ± SD. Kruskal-
Wallis and Mann-Whitney U tests were used to evaluate 
the relationship between the whiteness of  the COs and 
the histological findings. The differences between the H. 
pylori-negative and H. pylori-positive groups with regard to 
CO type were compared using the Mann-Whitney U test. 
Data analyses were performed using R Version 3.0.1 (The 
R Foundation for Statistical Computing, Vienna, Austria); 
P values < 0.05 were considered significant.

RESULTS
Of  the 175 enrolled patients, 116 were men and 59 
women; their mean age was 63.9 years. The diagnoses in-
cluded 46 patients with differentiated-type gastric cancer, 
23 with undifferentiated-type gastric cancer, 22 with ac-
tive duodenal ulcers, and eight with active gastric ulcers. 
A total of  76 patients had only gastritis or normal findings. 
The ME observations of  the lesser and greater curvatures 
revealed round pit patterns in 246 of  the 350 areas exam-
ined (Table 1).

Regarding the whiteness of  the round COs, 89 had 
the “white-edged dark spot”, 114 were “white”, and 

43 were “DWP” COs. Figure 2 shows the relationship 
between CO whiteness and the severity of  gastritis diag-
nosed histologically based on the updated Sydney System. 
In both “white” and “DWP” type COs, the histological 
examination tended to show moderate or marked mono-
nuclear cell and neutrophil infiltration accompanied by 
normal-to-mild glandular atrophy and intestinal metapla-
sia. These variables were mostly classified as normal to 
mild among “white-edged dark spot” COs. We evaluated 
the histological findings according to the updated Sydney 
system, which uses 4 classes (none, mild, moderate and 
marked) for each parameter [inflammation (mononuclear 
cell infiltration), activity (neutrophil infiltration], atrophy 
(glandular atrophy), and intestinal metaplasia). Significant 
differences (P < 0.001) were found between the three 
CO types in the parameters of  inflammation and activity; 
however, the degree of  glandular atrophy and intestinal 
metaplasia did not differ significantly across CO type. 
The grades of  inflammation and activity were higher 
among “DWP” COs compared with “white” COs (P < 
0.001).

In this study, 139 patients were positive and 36 were 
negative for current H. pylori infection. Of  the 186 round 
pit areas found in H. pylori-positive patients, 21.5% 
(40/186) were “white-edged dark spot” COs, 55.4% 
(103/186) were “white”, and 23.1% (43/186) were 
“DWP” COs. Of  the 60 round pit areas found among 
H. pylori-negative patients, 81.7% (49/60) were “white-
edged dark spot” COs, 18.3% (11/60) were “white”, and 
none (0/60) were “DWP” COs. Significant differences 
were found between the “white” and “DWP” COs in H. 
pylori-positive patients, and “white-edged dark spot” COs 
were found among H. pylori-negative patients (P < 0.001). 
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Figure 1  The whiteness of crypt openings (HE, × 100). A: "White-edged dark spot" crypt openings (COs) (a round dark spot bordered by white); B: Histological 
image of "white-edged dark spot" COs; C: "White" COs (pure white COs without a dark spot); D: Histological image of "white" COs; E: "Dense white pit" ("DWP") COs 
(densely white COs resembling snowballs); F: Histological image of "DWP" COs.
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COs used to predict H. pylori infection were 78.5% and 
81.7%, respectively.

In total, 22.5% (18/80) of  the COs among patients 
with H. pylori-related disease and gastric cancer were 
“white-edged dark spot” COs, 51.3% (41/80) were 
“white”, and 26.3% (21/80) were “DWP” COs (Table 
2). The prevalence of  “DWP” COs was higher [45.7% 
(16/35)] among patients with undifferentiated-type gas-
tric cancer (Figure 3).

DISCUSSION
This study is the first to investigate the relationship be-The sensitivity and specificity of  the “white” and “DWP” 

100%

50%

0%
White-edged
dark sport

White DWP

100%

50%

0%
White-edged
dark sport

White DWP

100%

50%

0%
White-edged
dark sport

White DWP

100%

50%

0%
White-edged
dark sport

White DWP

Mononuclear cells Neutrophils

Atrophy Intestinal metaplasia

Normal

Mild

Moderate

Marked

Figure 2  Whiteness of crypt opening and grade of gastritis according to the updated Sydney System. Kruskal-Wallis test showed significant correlations 
between grades of histological inflammation (P < 0.001) and activity (P < 0.001) and whiteness of crypt openings (COs). Glandular atrophy and intestinal metaplasia 
were not significantly correlated with whiteness of COs. DWP: Dense white pit. 

Diff-GC Undiff-GC GU DU Gastritis and 
normal 

  Number of 
  patients

46 23 8 22 76

  Age (yr, 
  mean ± SD) 

70.6 ± 9.2 65.5 ± 8.2 62.6 ± 10.6 49.2 ± 12.4 63.7 ± 12.5

  Sex, male/
  female

36/10 7/16 6/2 17/5 50/26

  Current 
  Helicobacter 
  pylori-  
  infection 

40 (87.0) 21 (91.3) 8 (100) 22 (100) 48 (63.2)

  Endoscopic 
  degree of 
  atrophy 
  (mild/  
  moderate/ 
  severe)

3/14/29 9/12/2 2/2/4 20/2/0 41/15/20

  Round pits 
  in LC

12 (35.3) 12 (52.2)  3 (37.5) 22 (100) 48 (63.2)

  Round pits 
  in GC

33 (71.7) 23 (100) 8 (100) 22 (100) 63 (82.9)

Table 1  Characteristics of study patients  n  (%)

Diff-GC: Differentiated-type gastric cancer; DU: Duodenal ulcer; GC: 
Greater curvature of corpus; GU: Gastric ulcer; LC: Lesser curvature of 
corpus; Undiff-GC: Undifferentiated-type gastric cancer.

  Whiteness of COs White-edged dark spot White DWP

  Diff-GC 16 (35.6) 24 (53.3)   5 (11.1)
  Undiff-GC 2 (5.7) 17 (48.6) 16 (45.7)
  GU   2 (18.2)   6 (54.5)   3 (27.3)
  DU 13 (29.5) 26 (59.1)   5 (11.4)
  Gastritis and normal 56 (50.5) 41 (36.9) 14 (12.6)

Table 2  Correlation between current disease and whiteness 
of crypt openings in round pit areas  n (%)

COs: Crypt openings; Diff-GC: Differentiated-type gastric cancer; DU: 
Duodenal ulcer; DWP: Dense white pit; GU: Gastric ulcer; Undiff-GC: 
Undifferentiated-type gastric cancer. 
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tween CO whiteness type and H. pylori-induced gastritis. 
We categorized CO color in gastric corpus areas with 
round pit patterns, and we observed less inflammation 
and activity in “white-edged dark spot” COs than in 
other types of  COs. The round dark spots observed in 
the ME images might correspond to tangential views of  
the foveolar gland COs, whereas the white portions that 
surround the dark spots might be tangential views of  the 
epithelial cells that surround the ductal lumen. This CO 
type is the typical microsurface mucosal pattern of  the 
gastric corpus among patients without H. pylori infection. 
A histological examination of  the areas with “white” type 
COs revealed degenerated and hypertrophic surface epi-
thelial cells accompanied by lymphocyte and neutrophil 
infiltration into the lamina propria. These histological 
changes might cause the dark spots to disappear and be 
replaced by a white color. The “DWP” COs were accom-
panied by a high degree of  lymphocyte and neutrophil 
infiltration.

Several studies have evaluated the relationship be-
tween H. pylori-induced gastritis and the microsurface or 
microvascular structure of  the gastric mucosa via ME. In 
2007, Yagi et al[21] modified their former Z classification 
and created the A-B classification based on the combina-
tion of  microsurface and microvascular patterns (type B-0 
consists of  pinhole pits, the network of  true capillaries, 
and the regular arrangement of  collecting venules; type 
B-1 consists of  round pits and a network of  capillaries; 
type B-2 consists of  white pits and sulci; and type B-3 
consists of  dilated white pits with surrounding microves-
sels). Although this classification was considered useful 
for predicting the grade of  H. pylori-induced gastritis, we 
often observed other combinations of  microstructure 

and microvessel changes than those described in the A-B 
classification (e.g., pinhole pits without capillaries). The 
current study classified our observations into three types 
of  ME findings based on the color of  the gastric pits 
and found strong correlations with histological H. pylori-
induced inflammation and activity. Our classification is 
advantageous because it is simple and easy to understand 
and does not include variations in the combination of  
microstructure and microvessels.

Several reports have described that the prevalence, 
distribution, and grade of  H. pylori-induced gastritis varies 
among individuals[22,23]. We previously reported that the 
ME findings of  the gastric mucosa in H. pylori-infected 
patients are also heterogeneous in the stomach[15]. The 
present study investigated each case at two sites (the 
greater and lesser curvature of  the upper corpus) because 
a multipoint evaluation of  gastritis is important for as-
sessing its status. Our results indicated that most round 
pit areas existed in the endoscopic non-atrophied area; 
furthermore, more were found in the greater curvature 
of  the corpus. These results are in agreement with those 
of  a previous report showing that gastric atrophy starts 
at the lower portion of  the lesser curvature in the corpus, 
then extends to the upper portion and laterally involves 
the greater curvature[24]. The diagnosis for the CO white-
ness grade seemed to be homogenous under magnified 
observations (see the figures). We diagnosed using maxi-
mum magnification at all sites; therefore, the CO white-
ness types were recognized as a homogenous pattern 
using these narrow fields of  view (approximately 2-mm 
squares).

The present study showed that the CO whiteness type 
had higher sensitivity and specificity than that reported 

Figure 3  A case with an early undifferentiated-
type gastric cancer in the middle of the corpus. A: 
A 67-year-old woman was found to have a depressed 
undifferentiated-type gastric cancer about 20 mm in 
diameter in an area found endoscopically to be non-
atrophic; B: Magnifying endoscopy image showing 
minute round pits in uninvolved corpus mucosa; C: 
The whiteness of the crypt openings is "dense white 
pit" type; they resemble snowballs; D: Microscopic 
examination of uninvolved corpus mucosa revealed 
marked lymphocyte and neutrophil infiltration in the 
lamina propria and neutrophil infiltration within the 
foveolar lumens (HE stain, × 100).

A B
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Kawamura M et al . White gastric crypt openings



9397 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

for conventional endoscopy[25,26] but lower sensitivity and 
specificity for detecting H. pylori infections than have 
been previously reported for ME assessment[13,14]. This 
discrepancy might have been caused by the differences in 
the H. pylori strain or immune responses. Our CO white-
ness classification system was advantageous because it 
helped to predict the severity of  inflammation and the H. 
pylori-induced activity in the gastric corpus.

Many reports have suggested that a relationship exists 
between differentiated-type gastric carcinoma and the se-
vere atrophic gastritis caused by persistent H. pylori infec-
tion[2,23]. Conversely, undifferentiated-type gastric cancer is 
associated with H. pylori-induced active gastritis[23,27]. The 
present report showed that “DWP”-type COs that were 
accompanied by a histologically high grade of  inflamma-
tion and activity were frequently observed in the gastric 
corpus of  patients with undifferentiated-type gastric 
cancer; however, additional investigations are needed to 
clarify the relationship between CO whiteness and gastric 
cancer in a large population study.

The current study did not detect an area with round 
pits in 104/350 of  the areas examined. As noted in earlier 
reports[12,21], the microsurface pattern changes a round pit 
pattern to vertical long pits, tubular and granular patterns 
with continuous H. pylori inflammation. Thus, in the case 
of  severe endoscopic atrophy, tubular and granular pat-
terns (but not pit patterns) were often observed via ME. 
Given the difficulty of  assessing histological inflamma-
tion (which differs from histological glandular atrophy) 
under endoscopic observations, our results suggest that 
ME is a useful method for predicting H. pylori inflamma-
tion in detail. However, our ME classification might not 
be acceptable in cases with severe atrophy.

Another limitation of  this study is its small number 
of  patients. An analysis of  patients with other H. pylori-
related diseases is needed. In addition, assessments of  
the inter- and intra-observer variability with regard to the 
classification of  CO whiteness are required to generalize 
the diagnostic ability of  our findings. Another limitation 
is that we did not investigate the nature of  the white sub-
stance in “DWP”-type COs. As described in the updated 
Sydney System[11], the marked neutrophil infiltration of  
foveolar lumens induced by H. pylori-infection might 
cause the formation of  “pit abscesses”. We speculate that 
the appearance of  “DWP”-type COs is attributable to the 
severe degenerative and hypertrophic changes in surface 
epithelial cells that are accompanied by lymphocyte and 
neutrophil infiltration; additional analyses are needed to 
investigate this possibility.

In conclusion, we found that CO whiteness in ME 
images of  the gastric corpus was correlated with histo-
logical findings of  inflammation and activity. ME obser-
vation of  CO whiteness might facilitate the histological 
diagnosis of  the inflammation and activity induced by H. 
pylori.
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Abstract
AIM: To investigate whether a stapled technique is 
superior to the conventional hand-sewn technique for 
gastro/duodenojejunostomy during pylorus-preserving 
pancreaticoduodenectomy (PpPD). 

METHODS: In October 2010, we introduced a mechani-
cal anastomotic technique of gastro- or duodenojeju-
nostomy using staplers during PpPD. We compared 
clinical outcomes between 19 patients who underwent 
PpPD with a stapled gastro/duodenojejunostomy (sta-
pled anastomosis group) and 19 patients who under-
went PpPD with a conventional hand-sewn duodenoje-
junostomy (hand-sewn anastomosis group). 

RESULTS: The time required for reconstruction was 
significantly shorter in the stapled anastomosis group 
than in the hand-sewn anastomosis group (186.0 ± 

29.4 min vs  219.7 ± 50.0 min, P  = 0.02). In addition, 
intraoperative blood loss was significantly less (391.0 
± 212.0 mL vs  647.1 ± 482.1 mL, P  = 0.03) and the 
time to oral intake was significantly shorter (5.4 ± 1.7 
d vs  11.3 ± 7.9 d, P  = 0.002) in the stapled anastomo-
sis group than in the hand-sewn anastomosis group. 
There were no differences in the incidences of delayed 
gastric emptying and other postoperative complications 
between the groups. 

CONCLUSION: These results suggest that stapled 
gastro/duodenojejunostomy shortens reconstruction 
time during PpPD without affecting the incidence of de-
layed gastric emptying.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: The operative procedure of pylorus-preserving 
pancreaticoduodenectomy (PpPD) includes reconstruc-
tion of the pancreatic, biliary, and digestive systems, 
thus requiring a significant amount of time. We com-
pared clinical outcomes between 19 patients who 
underwent PpPD with a stapled gastro/duodenojeju-
nostomy and 19 patients who underwent PpPD with 
a conventional hand-sewn duodenojejunostomy. We 
demonstrate that stapled gastro/duodenojejunostomy 
shortens reconstruction time during PpPD without af-
fecting the incidence of delayed gastric emptying. 
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INTRODUCTION
Pancreaticoduodenectomy (PD) remains one of  the ma-
jor and challenging operations associated with a relatively 
high mortality and morbidity rate. The PD operative 
procedure includes reconstruction of  the pancreatic, 
biliary, and digestive systems, thus requiring a significant 
amount of  time. Because prolonged operative time has 
been demonstrated to be a risk factor for mortality and 
postoperative complications[1-3], efforts should be made 
to shorten the operative time by improving surgical skills 
and techniques. 

The introduction of  mechanical suture/stapling 
devices has provided surgeons with options for simple 
and sophisticated reconstruction methods in the field of  
gastrointestinal surgery. Recently, anastomotic techniques 
using staplers have been increasingly used for operations 
of  the esophagus, stomach, and colorectum, particularly 
since the advent of  laparoscopic surgery. In general, 
stapled anastomoses require less operative time and pro-
vide equal or better results in terms of  the rate of  leakage 
compared with hand-sewn anastomoses[4]. 

Although stapled anastomoses can be used for re-
construction of  the alimentary tract in virtually all opera-
tions, only a few studies have described such a method 
in the setting of  pancreatic resection[5,6]. We introduced a 
mechanical anastomotic technique of  gastro- or duode-
nojejunostomy using staplers during pylorus-preserving 
pancreaticoduodenectomy (PpPD). In an attempt to in-
vestigate the feasibility and efficacy of  stapled gastro/du-
odenojejunostomy, we compared the outcomes between 
the stapled and conventional hand-sewn anastomotic 
techniques in patients undergoing PpPD.

MATERIALS AND METHODS
Patients
The study included 38 patients (25 men and 13 women 
with a mean age of  66 years) who underwent PpPD for 
cancers of  the pancreatic head, ampulla of  vater, lower 
bile duct, and gallbladder; cystic neoplasms of  the pan-
creas; neuroendocrine tumors; and others (chronic pan-
creatitis and duodenal submucosal tumor) at our institu-
tion between January 2009 and March 2012. Patients who 
underwent classical pancreaticoduodenectomy (whipple 
operation), subtotal stomach-preserving pancreaticoduo-
denectomy (SSPPD), and laparoscopy-assisted pancreati-
coduodenectomy were excluded from this study. In Oc-
tober 2010, we altered the technique of  alimentary tract 
reconstruction (gastro/duodenojejunostomy and Braun 
anastomosis) from the conventional hand-sewn technique 

to a mechanical anastomosis technique using staplers. 
The patients were divided into two groups according to 
the method of  alimentary tract reconstruction: 19 pa-
tients who underwent hand-sewn duodenojejunostomy 
(hand-sewn anastomosis group) and 19 patients who 
underwent stapled gastro/duodenojejunostomy (stapled 
anastomosis group). 

Operative procedure
The detailed PpPD operative procedure was previously 
described elsewhere[7]. We routinely use the modified 
Child method for reconstruction. After removal of  the 
pancreatic head, the anal stump of  the jejunum was 
lifted through the mesocolon right to the middle colic 
artery. The pancreaticojejunostomy was performed us-
ing a modified Kakita’s method[8]. A mucosa-to-mucosa 
anastomosis of  the pancreaticojejunostomy was per-
formed with interrupted sutures using 5-0 monofilament 
absorbable sutures (PDS, Ethicon Inc., Tokyo, Japan). A 
pancreatic tube was placed from the jejunum to the main 
pancreatic duct. The hepaticojejunostomy was performed 
by interrupted sutures using 4-0 monofilament absorb-
able sutures (PDS II, Ethicon Inc.), and the biliary tube 
was placed from the jejunal lumen to the hepatic duct 
of  the liver. The biliary and pancreatic tubes were taken 
from the jejunal stump to the outside of  the body.

The conventional hand-sewn duodenojejunostomy 
(end-to-side anastomosis) was performed by a two-layer 
Albert-Lembert method (whole layer, running sutures of  
4-0 PDS, and seromuscular layer, interrupted sutures of  
4-0 silk). A Braun anastomosis (side-to-side jejunojeju-
nostomy) was also performed using the same method. 

The stapled gastro/duodenojejunostomy was perfor
med using a circular stapler (CDH25, Ethicon Inc.). For 
duodenojejunostomy, the anvil was inserted into the 
stomach through a small gastrotomy incision, moved 
to the duodenum, and fixed at the duodenal stump by a 
purse-string suture. A circular stapler was inserted into 
the jejunal loop through a small opening and connected 
to the anvil to complete the anastomosis (Figure 1A). For 
gastrojejunostomy, the anvil was inserted into and fixed at 
the jejunum. A circular stapler was inserted into the stom-
ach through a small opening made in the anterior wall of  
the antrum and connected to the anvil to complete the 
anastomosis at the posterior wall of  the stomach (Figure 
1B). The openings made in the stomach or jejunum were 
closed by either running or interrupted sutures. A Braun 
anastomosis (side-to-side jejunojejunostomy) was also 
performed mechanically using a linear stapler (GIA, Co-
vidien Japan, Tokyo, Japan). The gastro/duodenojejunos-
tomy was made via an antecolic route in both the hand-
sewn and stapled techniques.

Drainage tubes were placed at the posterior aspect 
of  the hepaticojejunostomy and the anterior side of  the 
pancreaticojejunostomy. They were drained to the outside 
of  the abdomen. Biliary and pancreatic tubes were placed 
from the stump of  the jejunum using Witzel’s method. 

9400 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

Sato N et al . Stapled gastro/duodenojejunostomy during pancreaticoduodenectomy



All procedures were performed by one of  the authors 
(Yamaguchi K).

Postoperative management
The nasogastric tube was removed when the amount of  
drainage fluid was less than 200 mL/d and the nature of  
the fluid was not bloody. Liquid oral intake was resumed 
after gas passage if  there was no evidence of  pancreatic 
fistula. Delayed gastric emptying (DGE) was defined 
based on the International Study Group on Pancreatic 
Surgery classification[9]. Grade B (unable to tolerate solid 
oral intake by POD 14 with/without vomiting) or C (un-
able to tolerate solid oral intake by POD 21 with/without 
vomiting) was considered clinically relevant. Requirement 
of  nasogastric tube reinsertion after POD 7 was also 
considered DGE. 

Statistical analysis
All statistical analyses were performed using JMP 10 
software (SAS Institute Inc., Cary, NC). Categorical vari-
ables were analyzed using Fisher’s exact probability test, 
and continuous variables were analyzed using the Mann-
Whitney U-test. A P value of  less than 0.05 was consid-

ered statistically significant.

RESULTS
Patient characteristics in the stapled anastomosis group 
and hand-sewn anastomosis group
The patient characteristics in the stapled anastomosis 
group and the hand-sewn group are shown in Table 1. 
There were no significant differences in age, gender, 
American Society of  Anesthesiologists (ASA) score, co-
morbidities, history of  diabetes mellitus, previous history 
of  upper abdominal surgery, preoperative level of  serum 
albumin (as a nutritional status), or disease distribution 
between the groups (Table 1). 

Operative variables and postoperative outcomes in 
the stapled anastomosis and hand-sewn anastomosis 
groups 
The operative variables were compared between the 
groups (Table 2). The mean operative time tended to 
be shorter in the stapled anastomosis group than in the 
hand-sewn group (500 min vs 530 min), although the dif-
ference was not statistically significant. However, the time 
required for reconstruction (removal of  the pancreatic 
head to completion of  surgery) was significantly shorter 
in the stapled anastomosis group than in the hand-sewn 
anastomosis group (186.0 ± 29.4 min vs 219.7 ± 50.0 
min, P = 0.02). The total amount of  blood loss during 
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Figure 1  Schema of stapled gastro/duodenojejunostomy. A: Stapled duo-
denojejunostomy. The anvil was inserted into the stomach through a small gas-
trotomy incision, moved to the duodenum, and fixed at the duodenal stump by a 
purse-string suture. A circular stapler was inserted into the jejunal loop through 
a small opening and connected to the anvil for completion of anastomosis; B: 
Stapled gastrojejunostomy. The anvil was inserted into and fixed at the jejunum. 
A circular stapler was inserted into the stomach through a small opening made 
in the anterior wall of the antrum and connected to the anvil for completion of 
anastomosis at the posterior wall of the stomach.

B

A Duodenojejunostomy

Gastrojejunostomy

Table 1  Patient characteristics in the stapled anastomosis 
group and hand-sewn anastomosis group

Stapled 
anastomosis 

group

Hand-sewn 
anastomosis 

group

P  value

Age (yr, mean ± SD) 67.2 ± 11.7 65.2 ± 11.2 0.59
Gender (M/F) 11/8 14/5 0.50
ASA
   1   4   1
   2 10 16
   3   5   2 0.11
Comorbidities n (%) 8 (42) 8 (42) 1.00
Diabetes n (%) 5 (26) 6 (32) 1.00
Previous history of upper 
abdominal surgery

2 (11) 2 (11) 1.00

Preoperative albumin level 
(g/dL,  mean ± SD)

3.96 ± 0.35 3.74 ± 0.44 0.10

Disease
   Pancreatic cancer   6   4 0.08
   Ampullary cancer   3   6
   Lower bile duct cancer   2   2
   Gallbladder cancer   1   0
   IPMN   3   3
   SCN   0   1
   PNET   3   0
   Duodenal GIST   0   1
   Mass-forming pancreatitis   0   1
   Others   1   1

ASA: American Society of Anesthesiologists; IPMN: Intraductal papillary 
mucinous neoplasms; SCN: Solid cystic neoplasms; PNET: Pancreatic 
neuroendocrine tumor; GIST: Gastrointestinal stromal tumor. 
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ly less and the time from the operation to resuming oral 
intake was significantly shorter in the stapled anastomosis 
group than in the hand-sewn anastomosis group; and (3) 
there were no differences in the incidences of  delayed 
gastric emptying and other postoperative complications 
between the groups. These findings suggest that stapled 
gastro/duodenojejunostomy shortens reconstruction 
time during PpPD without affecting the incidence of  de-
layed gastric emptying. 

Despite the disseminated use of  mechanical suture/
stapling devices in the field of  gastrointestinal surgery, 
the application of  these devices to reconstruction in PD 
remains uncommon. To date, only one Japanese group 
has described the method of  gastro/duodenojejunos-
tomy using staplers during PD[5,6]. In their method of  
stapled reconstruction, an antecolic gastrojejunostomy 
or duodenojejunostomy was performed by Roux-en-Y 
reconstruction using a linear or circular stapler[5], which is 
slightly different from our technique in terms of  dividing 
the jejunum for Roux-en-Y loop in their technique. The 
authors also demonstrated that the incidence of  delayed 
gastric emptying was significantly lower in patients who 
underwent stapled gastro/duodenojejunostomy than in 
those who underwent hand-sewn reconstruction[6]. In 
the present study, we also found that the time to resum-
ing oral intake was significantly shorter in the stapled 
anastomosis group than in the hand-sewn anastomosis 
group. Although the exact mechanism for improved oral 
intake and DGE by mechanical anastomosis is unknown, 
one possible explanation is that edema around the anas-
tomotic site can be prevented by stapled anastomosis, 
particularly in the early postoperative period. 

It has been reported that prolonged operative time 
is associated with an increased incidence of  postopera-
tive mortality and morbidity after PD[1-3]. According to 
a recent study in a total of  4817 patients undergoing 
PD[1], longer operative time was linearly associated with 
increased 30-d morbidity (P < 0.001) and mortality (P 
< 0.01). Therefore, it is important for surgeons to avoid 
prolonged operative time by improving surgical tech-
niques. With an aim to shorten the operative time, we in-
troduced a technique of  stapled gastro/duodenojejunos-
tomy and Braun anastomosis. Although the difference in 
total operative time did not reach statistical significance, 
the reconstruction time was significantly shorter (by ap-
proximately 30 min) in the stapled anastomosis group 
than in the hand-sewn group. Importantly, intraoperative 
blood loss was significantly less in the stapled anastomo-
sis group than in the hand-sewn anastomosis group (a 
mean volume of  391 mL vs 647 mL). Because a variety 
of  factors can affect the volume of  intraoperative blood 
loss, this difference is unlikely to be attributable solely to 
the different reconstruction techniques used. Further-
more, because of  the small number of  patients in each 
group, the mean volume of  blood loss can be affected 
by a small number of  patients with an unexpectedly large 
intraoperative blood loss. However, the reduced recon-
struction time observed using rapid stapling devices may 

surgery was significantly less in the stapled anastomosis 
group than in the hand-sewn group (391.0 ± 212.0 mL vs 
647.1 ± 482.1 mL, P = 0.03). 

We next compared the postoperative outcomes 
between the groups (Table 2). Although there was no 
difference in the duration of  nasogastric tube insertion 
between the groups, the time from surgery to resuming 
liquid oral intake was significantly shorter in the stapled 
anastomosis group than in the hand-sewn anastomosis 
group (5.4 ± 1.7 d vs 11.3 ± 7.9 d, P = 0.002). Overall, 
postoperative complications occurred in 18 patients, 
including 6 patients (31.6%) in the stapled anastomosis 
group and 12 patients (63.2%) in the hand-sewn group 
(not significant). Among the complications, pancreatic 
fistula/anastomotic leakage occurred in 1 patient (5.3%) 
in the stapled anastomosis group and in 3 patients (15.8%) 
in the hand-sewn anastomosis group (not significant). 
Intra-abdominal abscess was observed in 1 patient (5.3%) 
in the stapled anastomosis group and in 4 patients (21.1%) 
in the hand-sewn anastomosis group (not significant). 
No patient in either group developed leakage of  the 
gastro/duodenojejunostomy. DGE was observed in 1 
patient (5.3%; grade C) in the stapled anastomosis group 
and in 3 patients (15.8%; grade B in 1 patient and grade 
C in 2 patients) in the hand-sewn anastomosis group (not 
significant). There was no difference in the duration of  
postoperative hospital stay between the groups. No 30-d 
postoperative mortality was observed in either group.

DISCUSSION
In this study, we compared clinical outcomes between 
the stapled and conventional hand-sewn alimentary tract 
anastomotic techniques in a total of  38 patients undergo-
ing PpPD. The major findings obtained were as follows: 
(1) the reconstruction time was significantly shorter in the 
stapled anastomosis group than in the hand-sewn anasto-
mosis group; (2) intraoperative blood loss was significant-

Table 2  Operative and postoperative outcomes in the stapled 
anastomosis group and hand-sewn anastomosis group

Stapled 
anastomosis 

group

Hand-sewn 
anastomosis 

group

P  value

Total operative time (min)     500 ± 68.3    530 ± 88 0.33
Reconstruction time (min)     186 ± 29.4 219.7 ± 50 0.02
Intraoperative blood loss (mL)       391 ± 212.3      647.1 ± 482.1 0.03
Duration of nasogastric tube 
insertion (d)

   1.42 ± 1.22        1.3 ± 0.58 0.67

Resuming liquid oral intake 
(POD)

   5.4 ± 1.7      11.3 ± 7.89   0.002

Starting solid diet (POD)    13.8 ± 8.56      17.7 ± 11.2 0.26
Postoperative complications   6 (31.6) 12 (63.2) 0.10
Delayed gastric emptying 1 (5.3)   3 (15.8) 0.60
Pancreatic anastomotic 
leakage/pancreatic fistula

1 (5.3)   3 (15.8) 0.60

Intraabdominal abscess   1 (5.3)   4 (21.1) 0.34
Postoperative hospital stay (d) 35.8 ± 12      39.4 ± 15.4 0.67

Values shown are mean ± SD or n (%).
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have played a role, at least in part, in the reduced blood 
loss observed during surgery. 

One concern that might be raised against our tech-
nique of  stapled gastrojejunostomy is the significance of  
preserving the pylorus because food may not pass the py-
lorus in this anastomosis. By analyzing the plasma motilin 
concentration and phase Ⅲ activity of  the migrating mo-
tor complex of  the stomach, it has been shown that pres-
ervation of  the duodenum is important to maintain gas-
tric motility and to prevent so-called “gastroparesis”[10,11]. 
In contrast to these findings, several lines of  evidence 
have suggested that PD with pylorus resection (SSPPD) 
is comparable or even superior to that with pylorus pres-
ervation (PpPD) in terms of  dietary intake and DGE[12-15]. 
Therefore, the clinical relevance of  pylorus preservation 
requires further investigation.

Our study had several limitations. First, this study was 
a retrospective and historical cohort analysis; therefore, 
the possibility of  bias cannot be eliminated. Second, the 
small number of  patients in each anastomosis group may 
have underpowered our statistical evaluation. Third, we 
were unable to perform a cost comparison between the 
groups because of  a lack of  information. Therefore, to 
precisely determine the exact benefits of  stapled gastro/
duodenojejunostomy during PpPD, a prospective ran-
domized trial, including an analysis of  cost effectiveness, 
should be performed in the future.

In conclusion, our preliminary results suggest that sta-
pled gastro/duodenojejunostomy is a feasible technique 
that could shorten the reconstruction and operative time 
during PpPD without increasing the incidence of  post-
operative complications including delayed gastric empty-
ing. More recently, a mechanical anastomosis technique 
using a circular stapler has been applied to the hepatico-
jejunostomy during PD in selected patients with a dilated 
bile duct[16]. Thus, the introduction and standardization 
of  these stapled anastomosis techniques can shorten the 
reconstruction time during PD and ultimately reduce the 
incidence of  postoperative mortality and morbidity.
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Abstract
AIM: To investigate the usefulness of a guide wire and 
triple lumen needle knife for removing stones in Bill-
roth Ⅱ (B-Ⅱ) gastrectomy patients.

METHODS: Endoscopic sphincterotomy in patients with 
B-Ⅱ gastrectomy is challenging. We used a new guide 
wire technique involving sphincterotomy by triple lu-
men needle knife through a forward-viewing endos-
copy. This technique was performed in nine patients 
between August 2010 and June 2012. Sphincterotomy 
as described above was performed. Adequate sphinc-
terotomy, successful stone removal, and complications 
were investigated prospectively. 

RESULTS: Sphincterotomy by triple lumen needle knife 
using guide wire was successful in all nine patients. 
Sphincterotomy started towards the 4-5 o’clock direction 

and continued to the upper margin of the papillary roof. 
Complete stone removal in one session was achieved in 
all patients. There were no procedure related complica-
tions, such as bleeding, pancreatitis, or perforation.

CONCLUSION: In patients with B-Ⅱ gastrectomy, guide 
wire using sphincterotomy by triple lumen needle knife 
through a forward-viewing endoscopy seems to be an 
effective and safe procedure for the removal of common 
bile duct stones.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Billroth Ⅱ gastrectomy; Endoscopic sphinc-
terotomy; Forward-viewing endoscopy; Guide wire; 
Triple lumen needle knife

Core tip: Guide wire using sphincterotomy by triple lu-
men needle knife through a forward-viewing endoscopy 
seems to be a safe, easy, and effective method for re-
moving common bile duct stones in patients with B-Ⅱ 
gastrectomy. 

Park SB, Kim HW, Kang DH, Choi CW, Yoon KT, Cho M, Song 
BJ. Sphincterotomy by triple lumen needle knife using guide wire 
in patients with Billroth Ⅱ gastrectomy. World J Gastroenterol 
2013; 19(48): 9405-9409  Available from: URL: http://www.wjg-
net.com/1007-9327/full/v19/i48/9405.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i48.9405

INTRODUCTION
Endoscopic sphincterotomy (EST) is essential for the en-
doscopic removal of  common bile duct (CBD) stones. 
However, EST is more difficult in an altered anatomy, such 
as Billroth Ⅱ (B-Ⅱ) gastrectomy, in which the major papillae 
are inverted[1]. To overcome this problem, several techniques 
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and specialized accessories have been devised, including Soe-
hendra sphincterotome[2], Sohma sphincterotome[3], needle 
knife sphincterotomy guided by a biliary endoprosthesis[4,5], 
S-shape sphincterotome[6], and papillary balloon dilation[7,8]. 
These methods may be more difficult to control and fre-
quently produce complications[5-7].

Large balloon papillary dilation after minor EST with 
newly developed papillotomes, such as rotatable papillo-
tome[9] and scissors papillotome[10], has been reported for 
the removal of  CBD stones in B-Ⅱ gastrectomy. The 
triple lumen needle knife, which is capable of  accepting 
a guidewire in one channel while simultaneously injecting 
and/or cutting in other lumens, is used primarily for pre-
cut sphincterotomy or fistulotomy in difficult cases of  
deep cannulation of  the bile duct. These characteristics 
allow the simultaneously maintenance of  the guide wire 
in CBD and sphincterotomy without the assistance of  
other accessories. Additionally, a guide wire positioned 
in the CBD can make sphincterotomy by triple lumen 
needle knife easier. 

Herein, we detail our technique and present experiences 
of  guide wire sphincterotomy using a triple lumen needle 
knife through forward-viewing endoscopy in patients with 
B-Ⅱ gastrectomy.

MATERIALS AND METHODS
Patients
From August 2010 to June 2012, endoscopic retrograde 
cholangiopancreatography (ERCP) for removal of  CBD 
stones was performed on 469 patients. Of  these patients, 
20 with B-Ⅱ gastrectomy underwent ERCP. Eleven pa-
tients who had previous EST procedures (n = 5), failure 
to reach major papilla (n = 4), and needle knife fistulot-
omy due to difficult cannulation (n = 2) were excluded. 
The remaining nine patients (6 men and 3 women; mean 
age 66.3 years) were enrolled. The same endoscopist 
performed all procedures. All patients provided written 
informed consent for their participation and the study 
was approved by the Institutional Review Board of  Pu-
san National University Yansan Hospital.

Technique
All ERCP procedures were performed under conscious 
sedation and coverage using prophylactic antibiotics 
with a model GIF-H260 cap-attached forward-viewing 
endoscopy apparatus (Olympus Optical, Tokyo, Japan). 
A transparent cap (Distal Attachments D-201-11804; 
Olympus) was attached to the tip of  the endoscope. 
Selective cannulation of  the CBD was achieved using 
a cannulation catheter with a straight tip. A 0.025-inch 
guide wire (Jagwire; Boston Scientific, Natick, MA) was 
advanced through the catheter into the CBD. The cath-
eter was then removed, and a triple lumen needle knife 
(Microknife™ XL; Boston Scientific) was introduced 
into the major papilla over the guide wire. The needle 
tip was controlled with a length of  2-3 mm (Figure 1A), 
and sphincterotomy was performed along the guide wire 

as a guidance mark directed at 4-5 o’clock with sophis-
ticated maneuver of  the needle knife and endoscopy 
(Figure 1B). The model PSD-30 electrosurgical unit 
(Olympus) was used at a setting of  blended one current 
with a power setting of  30 W/s for both the cutting and 
coagulation currents (cut: coagulation ratio of  3:1). Dur-
ing sphincterotomy, the pattern of  cutting in the current 
method closely resembles the action of  a pair of  cutting 
scissors. Although the direction of  the needle tip was 
toward the 1-2 o’clock direction, sphincterotomy toward 
the 4-5 o’clock direction was possible because the guide 
wire acted as a guide when the needle knife approached 
the bile duct pathway. At this time, the cap enabled us to 
perform safe and effective sphincterotomy by keeping a 
visual field during the procedure. After sphincterotomy 
to the upper margin of  the papillary roof  (Figure 1C), 
a stone retrieval basket or balloon catheter was used to 
extract CBD stones (Figure 1D). In cases when EST was 
insufficient in extracting the stone, papillary balloon dila-
tion or mechanical lithotripsy was used in an attempt to 
removal the stone. To assess the efficacy and safety of  
this technique, we evaluated the sphincterotomy of  the 
desired direction, use of  balloon dilation or mechanical 
lithotripsy, successful stone removal, and complications 
after ERCP.

RESULTS
ERCP with B-Ⅱ gastrectomy was performed in 20 pa-
tients by the same endoscopist. Nine patients (6 men 
and 3 women) underwent EST using a guide wire and 
triple lumen needle knife sphincterotomy. The mean age 
of  patients was 66.3 (range, 56 -85) years. The mean size 
and number of  stones were 7.89 (range, 5-12) and 1.78 
(range, 1-4) mm, respectively (Table 1).

Sphincterotomy in the 4-5 o’clock direction and to 
the upper margin of  the papillary roof  were successful 
in all nine patients (100%). Complete endoscopic stone 
removal was achieved in a single session in all patients. 
Papillary balloon dilatation was performed in only one 
patient owing to the large CBD stones (12 mm diameter) 
and stenosis in the distal CBD they exhibited. No me-
chanical lithotripsy was performed in any patient (Table 
1). Serum amylase and lipase were measured before and 
after the procedure (4 and 24 h, respectively). Complete 
blood count and a liver function test were performed the 
morning after the procedure. There were no complica-
tions, such as bleeding, pancreatitis, or perforation. 

DISCUSSION
Diagnostic and therapeutic ERCP in patients with B-Ⅱ 
gastrectomy can be hindered by difficulties in the identi-
fication and intubation of  the afferent loop, negotiation 
of  abrupt turns in the afferent loop, cannulation, and 
adequate sphincterotomy of  papilla due to inverted posi-
tion[11-14]. In particular, the standard pull-type sphinctero-
tome cannot cut toward the 6 o’clock position[15,16]. To 
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Table 1  Baseline characteristics of patients and treatment outcomes

overcome this problem, several devices and techniques 
have been developed using the push-type papillotome, 
such as the Sohma[3] and Soehendra sphincterotomes[2]. 
These refinements allow proper orientation of  the wire 
for the CBD and needle knife with guided techniques 
using a nasobiliary drain[17], cannula, or endoprosthesis[5]. 

However, effective push-type sphincterotomes or needle 
knives are, as yet, not as readily available as the standard 
pull-type sphincterotome.

Recently devised methods to resolve these problems 
rely on large balloon papillary dilation after minor EST 
with newly developed papillotomes[18-21], such as the ro-
tatable papillotome[9] and scissors papillotome[10]. These 
methods are user-friendly, but difficult to use in perform-
ing major EST.

Another problem is the difficulty of  handling the side-
viewing duodenoscope through the afferent loop in a ret-
rograde maneuver; the result is a high rate of  failed proce-
dures and serious complications that include perforation 
of  the small bowel[22-24]. The side-viewing duodenoscope 
has the advantages of  allowing an en-face view of  papilla 
and an elevator to adjust the direction of  accessories. 
However, the apparatus is not useful in B-Ⅱ anastomosis 
and increases the risk of  perforation while passing the 
tortuous jejunum[14] and in cases of  previous jejunal en-
teroanastomosis (Braun’s anastomosis)[25].

This method contrasts with existing methods in three 
ways. First, a triple lumen needle knife was used instead 
of  a push-type sphincterotome or rotatable papillotome. 
The obvious advantage of  this knife is the simultaneous 
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Figure 1  Guide wire using sphincterotomy by triple lumen needle knife. A: A triple lumen needle knife was introduced into the major papilla over the guidewire 
and the tip of needle was then controlled with 2-3 mm length; B: Sphincterotomy was performed along the guide wire as a guidance mark directed in the 4-5 o’clock 
direction with sophisticated maneuver of needle knife and endoscopy; C: Sphincterotomy to the upper margin of the papillary roof was performed; D: A stone was re-
moved by basket without balloon dilation or mechanical lithotripsy.

Stone

Patient No. Age (yr) Sex Size, mm No. Procedure sessions Balloon dilation (size, mm) Stone removal Complications
1 63 F 12 4 1 12 Success None
2 69 M 5 2 1 0 Success None
3 56 M 6 2 1 0 Success None
4 68 F 10 2 1 0 Success None
5 67 M 5 1 1 0 Success None
6 65 M 8 1 1 0 Success None
7 65 M 10 1 1 0 Success None
8 59 F 10 2 1 0 Success None
9 85 M 5 1 1 0 Success None
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use of  the needle knife and guide wire through the same 
device, which provides an indication of  where and how 
deeply to cut, as well as avoiding blind or inappropriate 
cutting under direct vision of  the cutting device and the 
presence of  a clear guide. This enables a large sphincterot-
omy that can still be safely performed even when done by 
a less experienced endoscopist. Actually, sphincterotomy 
in all patients reached the upper margin of  the papillary 
roof  and most CBD stones were removed without papil-
lary balloon dilatation or mechanical lithotripsy, although 
most were small. These findings clearly showed different 
results compared with other studies[9,10]. In the current 
study, papillary large balloon dilation was performed in 
one patient as a rescue method due to a large CBD stone 
and distal CBD stricture, but mechanical lithotripsy was 
not necessary. Additionally, bleeding, pancreatitis and per-
foration after sphincterotomy did not occur in all patients.

Secondly, conventional guide wire was used instead of  
nasobiliary drain, a cannula, or endoprosthesis. A guide 
wire already inserted in the bile duct can reduce the time 
of  removal and subsequent reintroduction of  the endo-
scope or insertion of  a plastic stent. Also, this technique 
is cost-effective compared with endoprosthesis-guided 
sphincterotomy using a plastic stent, as a guide wire per-
mits directed movement in the bile duct and control of  
the depth of  incision, similar to the role of  a plastic stent 
in endoprosthesis-guided sphincterotomy.

Thirdly, a forward-viewing endoscope was used in-
stead of  the side-viewing version. The forward-viewing 
endoscope in patients with Billroth Ⅱ gastrectomy makes 
selective bile duct cannulation easier, as the endoscope 
and cannula are in line with the CBD[13,26]. Therefore, the 
lack of  an elevator in forward-viewing endoscopes is only 
a slight disadvantage, and not a major factor in determin-
ing the success rate of  cannulation and subsequence pro-
cedure. Also, a forward-viewing endoscope makes it easier 
to introduce the afferent loop and find the correct route, 
as well as making it easier to control for negotiating the 
acute angles of  the anastomoses than side-viewing endo-
scope. These advantages were related with low complica-
tion rates in another study[14], and no complications, such 
as perforation, were noted in the current study.

Despite the several advantages of  the current method, 
some problems remain. If  the endoscopic approach to major 
papilla is difficult, biliary cannulation and sphincterotomy are 
also difficult. Therefore, for effective application of  this tech-
nique, the endoscopy tip must be approached near the major 
papilla.

In patients with B-Ⅱ gastrectomy, we do not yet know 
which type of  sphincterotomy is superior. The several 
techniques and accessories each have their own drawbacks. 
Currently, treatment strategy guided by personal preference 
or level of  experience with specific techniques may be neces-
sary. Our results support the use of  the guide wire and triple 
lumen needle knife technique previously described as one 
option in patients with B-Ⅱ gastrectomy. The technique is 
especially attractive when less experienced endoscopists per-
form sphincterotomy in patients with B-Ⅱ gastrectomy.

In conclusion, guide wire using sphincterotomy by triple 

lumen needle knife through a forward-viewing endos-
copy seems to be a safe, easy, and effective method for 
removing CBD stones in patients with B-Ⅱ gastrectomy. 
Further studies may be needed to compare the safety and 
efficacy of  the technique in order to confirm our findings.
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Abstract
AIM: To evaluate the effect of gastrectomy on diabe-
tes control in patients with type 2 diabetes mellitus and 
early gastric cancer.

METHODS: Data from 64 patients with early gastric 
cancer and type 2 diabetes mellitus were prospectively 
collected. All patients underwent curative gastrectomy 
(36 subtotal gastrectomy with gastroduodenostomy, 16 
subtotal gastrectomy with gastrojejunostomy, 12 total 

gastrectomy) and their physical and laboratory data 
were evaluated before and 3, 6 and 12 mo after sur-
gery.

RESULTS: Fasting blood glucose (FBS), HbA1c, insulin, 
C-peptide, and homeostasis model assessment-esti-
mated insulin resistance were significantly improved 3 
mo after surgery, regardless of operation type, and the 
significant improvement in all measured values, except 
HbA1c, was sustained up to 12 mo postoperatively. Ap-
proximately 3.1% of patients stopped diabetes medi-
cation and had HbA1c < 6.0% and FBS < 126 mg/dL. 
54.7% of patients decreased their medication, and had 
reduced FBS or HbA1c. In multivariate analysis, good 
diabetic control was not associated with operation type, 
but was associated with diabetes duration. 

CONCLUSION: Diabetes improved in more than 50% 
of patients during the first year after gastric cancer 
surgery. The degree of diabetes control was related to 
diabetes duration. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Type 2 diabetes mellitus; Gastrectomy; 
Gastric cancer; Short-term outcome; Glucose control

Core tip: Diabetes mellitus is one of the most important 
health problems and has an impact on the quality of life 
of gastric cancer patients as well as ordinary individu-
als. In this study, we evaluated the impact of conven-
tional gastric cancer surgery on type 2 diabetes. Gastric 
cancer surgery led to a significant improvement in type 
2 diabetes during the first year after surgery, and the 
degree of diabetes control was related to diabetes du-
ration.
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INTRODUCTION
Gastric cancer is a leading cause of  cancer death world-
wide and is one of  the most common cancers in Ko-
rea[1,2]. During the last several decades, there has been 
notable progress in the field of  gastric cancer diagnosis 
and treatment, as indicated by the increasing proportion 
of  early gastric cancers and improved survival rate[3,4]. 
Therefore, postoperative quality of  life as well as the ap-
propriate surgical treatment for a cure has become very 
important. 

However, the increase in older patients due to an ag-
ing population and the increased incidence of  lifestyle-
related diseases including diabetes, hypertension, car-
diovascular disease, and hypercholesterolemia make 
postoperative healthcare more difficult and complicated. 
Diabetes mellitus (DM) is one of  the most difficult health 
problems worldwide as it is a multi-factorial chronic dis-
ease. In Korea, the prevalence of  diabetes has increased 
dramatically from less than 1.5% in the 1970s to approxi-
mately 10% in the 2000s, and it is currently the 5th most 
common cause of  death[5,6]. Although the prevalence of  
diabetes in gastric cancer patients has not been reported, 
it may be similar to that of  the general population. After 
gastric cancer surgery, many surgeons focus on improv-
ing the nutritional status of  patients rather than control-
ling diabetes as the main problem after gastric cancer sur-
gery is weight loss. In addition, the beneficial effects of  
weight loss often lead to improvement in hyperglycemia, 
hypercholesterolemia, and hypertension. 

Recently, metabolic surgery has become an appealing 
treatment option for patients with type 2 DM. The ef-
fects of  metabolic surgery and the mechanism of  action 
have been reported in several studies[7-9]. Although the 
purpose of  metabolic surgery and gastric cancer surgery 
is completely different, there is a connection between the 
two procedures clinically and technically. In line with this 
thinking, the organized evaluation of  the impact of  con-
ventional gastric cancer surgery on diabetes appears to be 
necessary. Such an evaluation will allow surgeons to select 
a favorable reconstruction type after gastrectomy in gas-
tric cancer patients with diabetes. Therefore, in this study, 
we investigated the short-term effect of  three types of  
routine gastric cancer surgery on type 2 DM. 

MATERIALS AND METHODS
Patients
We analyzed the data from 64 early gastric cancer patients 
with type 2 DM who underwent curative gastrectomy for 
primary gastric cancer between 2009 and 2010. All of  
the patients had been diagnosed with type 2 DM after 40 

years of  age and were taking medication before the diag-
nosis of  early gastric cancer. All the data were collected 
prospectively. Patients with the following conditions 
were excluded: (1) other malignancies; (2) pre- and post-
operative chemotherapy or chemoradiotherapy; (3) other 
endocrine disorders such as thyroid or adrenal disease; 
(4) moderate to severe cardiovascular, pulmonary or renal 
disease; and (5) active infection. This study was reviewed 
and approved by the Institutional Review Board of  Sev-
erance Hospital, Yonsei University College of  Medicine, 
and written informed consent was obtained from all pa-
tients prior to surgery.

Surgical procedures
Subtotal or total gastrectomy was performed according 
to the tumor location. Billroth Ⅰ or Ⅱ reconstruction 
was carried out after subtotal gastrectomy and Roux-
en-Y esophagojejunostomy after total gastrectomy. In 
Billroth  Ⅰ reconstruction, the duodenum was transected 
1 cm distal to the pyloric ring and gastroduodenostomy 
was performed using a circular stapler. In Billroth Ⅱ 
reconstruction, the length from the ligament of  Treitz 
was approximately 20 cm and gastrojejunostomy was per-
formed using a linear stapler. After total gastrectomy, the 
length of  the esophagojejunostomy to jejunojejunostomy 
was approximately 45 cm, and the length of  the ligament 
of  Treitz to jejunojejunostomy was 20-25 cm. Esoph-
agojejunostomy was performed using a circular stapler. 
Generally, D1+β or D2 lymph node dissection was per-
formed according to the guidelines of  the Japanese Gas-
tric Cancer Association[10]. 

Evaluation of clinical variables and biochemical data 
during follow-up
All of  the clinical and laboratory data were collected 
and recorded prospectively at each point of  the routine 
follow-up. Blood samples were obtained after an over-
night fast. Patients visited the hospital at 3-, 6- and 12-mo 
time points during the first year after gastrectomy for a 
physical examination, laboratory tests, imaging, and/or 
endoscopy. The variables for evaluating the status of  
glucose control included body weight, body mass index, 
biochemical data [serum glucose, HbA1c, insulin, C-pep-
tide, homeostasis model assessment-estimated insulin 
resistance (HOMA-IR), low-density lipoprotein (LDL)-
cholesterol, high-density lipoprotein (HDL)-cholesterol, 
triglyceride], and medication status, and were recorded 
preoperatively and 3, 6 and 12 mo after surgery. All of  
the patients completed the study.

The degree of  diabetes control was divided into 
three groups: (1) Remission: No medication and FBS < 
126 mg/dL and HbA1c < 6.0%; (2) Improved: Reduced 
medication and one of  the following: FBS or HbA1c 
reduction; and (3) Stationary: No change of  medication, 
or patients excluded from the improved and remission 
categories.

Statistical analysis
Statistical analysis was carried out using SPSS® version 
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15.0 for Windows® (SPSS, Chicago, IL, United States). 
Categorical variables were compared using the chi-square 
or Fisher exact test, and continuous data were compared 
by the Mann-Whitney U test. The Kruskal-Wallis test 
was used to compare biochemical data among the three 
surgical groups at the same evaluation time. The paired t 
test was used to compare preoperative and postoperative 
12-mo biochemical data. Data are presented as mean ± 
SD. Binary logistic regression analysis was used to iden-
tify the independent variables associated with the degree 
of  diabetic control. P values < 0.05 were considered sta-
tistically significant.

RESULTS
Patient demographics
The preoperative patient demographics are shown in 
Table 1. The mean body mass index (BMI) was 24.7 ± 3.4 
kg/m2. After subtotal gastrectomy, gastroduodenostomy 
(STG BⅠ) was performed in 36 patients and gastroje-
junostomy (STG BⅡ) in 16 patients. Twelve patients 
underwent total gastrectomy with Roux-en-Y esophago-
jejunostomy (TG). Of  the patients in this study, 18.8% 
had a family history of  diabetes in first degree relatives, 
93.7% were taking oral hyperglycemic agents, and 6.3% 
were taking insulin with or without oral agents. 

Changes in biochemical data after surgery
All of  the patients completed 12-mo follow-up. BMI, 
FBS, HbA1c, insulin, C-peptide, HOMA-IR, triglyceride, 
LDL-cholesterol, and HDL-cholesterol were determined 
preoperatively and 3, 6 and 12 mo after surgery (Table 2). 

In the same operation type, data on preoperative day 
and postoperative 12 mo were compared. In addition, at 
the same follow-up points, variables of  each operation 
type were compared. Figure 1 shows the changes in mean 
value of  the biochemical data. BMI rapidly decreased 
during the first 3 mo after surgery and was maintained up 
to 12 mo (Figure 1A). In all operation types, the 12-mo 
postoperative BMI value significantly decreased to ap-
proximately 90% of  the preoperative value. At the same 
follow-up point, BMI level showed no significant differ-
ence according to operation type. Despite this, the degree 
of  weight loss tended to be greater after total gastrec-
tomy than after subtotal gastrectomy. 

The FBS levels at 3, 6 and 12 mo after surgery were 
lower than preoperative levels, and the difference in FBS 
levels at the preoperative time point and 12 mo after STG 
BⅠ (P = 0.001) was statistically significant. As shown in 
Figure 1B, FBS levels decreased markedly up to 3 or 6 
mo after surgery and then slowly declined or increased 
again up to 12 mo. There was no difference in the FBS 
level according to operation type at the same time points. 

HbA1c levels improved 3 mo after each type of  
surgery, but increased 12 mo after subtotal gastrectomy 
and were maintained after total gastrectomy (Figure 1C). 
Therefore, there were no significant differences between 
preoperative and postoperative 12-mo HbA1c levels fol-
lowing the three types of  surgery. This may be associated 
with the stabilization of  BMI and FBS levels between 
3 and 12 mo after surgery, which would result from an 
increase in food intake. Insulin levels rapidly decreased 3 
mo after all types of  surgery and then slowly decreased 
up to 12 mo (Figure 1D). 

There were significant differences in insulin and 
C-peptide levels (Figure 1E) between 3 and 12 mo after 
surgery, but there were no differences according to op-
eration type at the same follow-up points. HOMA-IR 
levels consistently improved at 3, 6 and 12 mo after all 
types of  surgery (Figure 1F) and the levels at 12 mo after 
surgery were significantly lower than the preoperative 
levels. The HOMA-IR level at 6 mo follow-up after total 
gastrectomy was significantly lower than that after subto-
tal gastrectomy.

The lipid profile which included triglyceride, LDL, 
and HDL did not show significant differences between 
preoperative and postoperative 12-mo levels, with the 
exception of  HDL level in the STG BⅠ group (Figure 
1G-I).

Diabetes control after surgery
Patients were divided into three groups based on their 
diabetes status: stationary, improved and remission (Table 
3). Among the 64 patients, 35 patients (54.7%) improved 
and 2 patients (3.1%) went into remission. In the STG B
Ⅰ group, 58.3% of  patients had improved 12 mo after 
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Table 1  Patient demographics  n  (%)

Variables n  = 64

Age (yr) 62.7 ± 8.6
Range 45-77
Sex 
   Male 43 (67.2)
   Female 21 (32.8)
Body mass index (kg/m2) 24.7 ± 3.4
Range 18.6-38.1
Smoking history 
   No 36 (56.2)
   Yes 28 (43.8)
Alcohol history
   No 38 (59.4)
   Yes 26 (40.6)
Family history of DM 
   No 52 (81.2)
   Yes 12 (18.8)
Operation type
   STG BⅠ 36 (56.2)
   STG BⅡ 16 (25.0)
   TG 12 (18.8)
Surgical approach 
   Open surgery 28 (43.7)
   Laparoscopic surgery 36 (56.3)
Duration of DM (yr) 6.6 ± 6.4
Range 0.5-25
DM medication 
   Oral hyperglycemic agents 60 (93.7)
   Insulin only 1 (1.6)
   Both 3 (4.7)

Data are expressed as absolute numbers (percentage) or mean ± SD. 
DM: Diabetes mellitus; STG BⅠ: Subtotal gastrectomy with Billroth I 
anastomosis; STG BⅡ: Subtotal gastrectomy with Billroth Ⅱ anastomosis; 
TG: Total gastrectomy. 
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Postoperative BMI changes, smoking history, and the du-
ration of  type 2 DM were predictive factors for diabetes 
control after surgery. BMI levels 3-, 6- and 12-mo after 
surgery were lower, the incidence of  non-smokers was 
higher, and the duration of  DM was shorter in patients 
satisfying improved or remission criteria than those in the 
stationary group. 

In multivariate analysis, the duration of  DM was the 
only significant factor associated with postoperative dia-
betic control (Table 5). 

DISCUSSION
In recent studies which evaluated diabetes resolution after 
gastric cancer surgery, diabetes remitted in 15.1%-19.7% 
of  gastric cancer patients[11,12]. However, because these 
studies involved a retrospective review of  medical re-

surgery and 16.7% of  patients stopped their medication. 
However, no patients went into remission. In the STG B
Ⅱ group, one (6.2%) of  16 patients went into remission 
and 9 (56.2%) were improved 12 mo after surgery. In the 
TG group, 5 (41.7%) patients were improved and one 
(8.3%) was in remission 12 mo after surgery. Three (25%) 
patients stopped medication. 

Factors for diabetes control 12 mo after surgery
We compared the improved and in remission patients to 
those who were stationary to identify predictive factors 
for diabetes control. Age, sex, change in BMI, smoking, 
alcohol history, familial history (1st degree relatives) of  
type 2 DM, operation type, preoperative fasting blood 
glucose, HbA1c, insulin, C-peptide, HOMA-IR, triglycer-
ide, LDL, and HDL were not associated with the degree 
of  diabetes control 12 mo after gastrectomy (Table 4). 

Table 2  Changes in biochemical data after surgery according to the follow up period and operation type

Operation type Preoperative PO 3 mo PO 6 mo PO 12 mo 1P  pre-12 mo

BMI (kg/m2) STG BI 24.3 ± 2.9 22.5 ± 2.6 22.3 ± 2.8 21.9 ± 2.7 < 0.001
STG BⅡ 24.7 ± 3.1 22.6 ± 2.9 22.9 ± 2.1 22.1 ± 1.9 0.002

TG 25.7 ± 5.2 23.8 ± 5.7 22.5 ± 4.6 22.9 ± 4.4 0.004
2P 0.793 0.965 0.616 0.780

BMI STG BⅠ 100% 92.9% ± 5.2% 92.2% ± 5.3% 92.0% ± 7.0% < 0.001
STG BⅡ 100% 91.6% ± 6.7% 93.3% ± 6.9% 90.3% ± 11.0% 0.004

TG 100% 90.9% ± 6.4% 87.8% ± 5.7% 87.1% ± 8.1% 0.003
2P    1.000 0.661 0.050 0.333

Glucose (mg/dL) STG BⅠ 147.3 ± 44.1 125.0 ± 30.3 122.3 ± 38.4 114.4 ± 21.7 0.001
STG BⅡ 155.7 ± 40.0 136.4 ± 56.6 122.5 ± 31.9 126.4 ± 39.1 0.061

TG 145.9 ± 37.5 114.3 ± 22.2 117.0 ± 28.0 115.4 ± 27.3 0.234
2P 0.682 0.489 0.931 0.773

HbA1c STG BⅠ 7.2% ± 1.1% 6.8% ± 0.6% 7.0% ± 0.7% 7.1% ± 0.9% 0.834
STG BⅡ 7.3% ± 1.3% 6.9% ± 1.4% 7.1% ± 1.3% 7.1% ± 1.6% 0.626

TG 7.1% ± 0.8% 6.5% ± 0.7% 6.5% ± 0.5% 6.5% ± 0.6% 0.119
2P 0.981 0.227 0.201 0.201

Insulin (μIU/mL) STG BⅠ 21.3 ± 20.7 8.6 ± 11.2 8.1 ± 11.3 5.1 ± 4.7 < 0.001
STG BⅡ 22.5 ± 29.0 9.6 ± 8.8 8.9 ± 3.5 7.7 ± 7.1 0.041

TG 18.1 ± 10.1 7.5 ± 5.7 4.0 ± 2.1 3.7 ± 1.9 0.02
2P 0.679 0.652 0.050 0.350

C-peptide (ng/mL) STG BⅠ 3.4 ± 2.3 2.1 ± 1.6 2.3 ± 1.2 1.5 ± 0.8 < 0.001
STG BⅡ 3.3 ± 1.8 2.0 ± 1.4 2.4 ± 0.9 2.1 ± 1.5 0.028

TG 2.8 ± 1.3 2.1 ± 1.2 1.5 ± 1.3 1.6 ± 0.6 0.02
2P 0.877 0.778 0.597 0.523

HOMA-IR STG BⅠ 8.7 ± 10.1 2.9 ± 4.7 2.6 ± 7.9 1.3 ± 0.9 0.001
STG BⅡ 9.3 ± 13.5 3.3 ± 3.4 2.9 ± 2.0 2.5 ± 2.5 0.045

TG 7.1 ± 4.1 2.1 ± 1.6 0.8 ± 0.2 1.1 ± 0.6 0.015
2P 0.660 0.484 0.036 0.176

TG (mg/dL) STG BⅠ 126.1 ± 80.8 100.1 ± 51.6 115.9 ± 62.6 101.4 ± 41.7 0.341
STG BⅡ 144.8 ± 102.6 118.5 ± 75.9 124.3 ± 53.7 105.2 ± 44.6 0.114

TG 143.5 ± 88.9 130.5 ± 71.4 72.3 ± 36.6 96.6 ± 37.3 0.082
2P 0.831 0.503 0.130 0.937

LDL (mg/dL) STG BⅠ 96.8 ± 34.7 89.0 ± 27.9 81.3 ± 23.5 90.8 ± 29.2 0.522
STG BⅡ 97.4 ± 28.7 97.9 ± 33.5 94.4 ± 29.7 101.6 ± 37.5 0.515

TG 113.6 ± 28.9 99.8 ± 28.0 63.5 ± 32.0 98.5 ± 32.0 0.023
2P 0.299 0.556 0.192 0.594

HDL (mg/dL) STG BⅠ 43.9 ± 10.6 48.3 ± 11.4 49.4 ± 15.1 52.0 ± 15.1 0.002
STG BⅡ 43.2 ± 9.2 42.6 ± 8.2 46.2 ± 10.6 46.5 ± 8.6 0.173

TG 42.4 ± 10.5 45.0 ± 7.3 48.7 ± 3.2 46.3 ± 8.1 0.073
2P 0.953 0.161 0.757 0.552

1Paired t-test, mean ± SD; 2Kruskal-Wallis test was used to evaluate the difference by operation type at the same follow up period. Significant values are 
indicated in bold face. BMI: Body mass index, BMI (%) refers to percentage of BMI at each follow-up compared to preoperative BMI. STG BⅠ: Subtotal 
gastrectomy with Billroth Ⅰ anastomosis; STG BⅡ: Subtotal gastrectomy with Billroth Ⅱ anastomosis; TG: Total gastrectomy; HOMA-IR: Homeostasis 
model assessment-estimated insulin resistance; LDL: Low-density lipoprotein; HDL: High-density lipoprotein. 
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cords or interviewing, the available laboratory and physi-
cal parameters were limited. Although data analysis of  
the present study was performed retrospectively, all of  
our data were collected prospectively including laboratory 
data, body weight change, medical and familial history, 
and medication status. The low rate of  diabetic remission 
in our study (3.1%) may be due to the strict evaluation of  
parameters reflecting diabetic control status at an exact 
time point, 12 mo after surgery. 

The BMI of  patients decreased by approximately 
10% in the first 3 mo after surgery and was maintained 
or slightly decreased until the 12-mo evaluation. The FBS 
level showed rapid improvement at 3 mo and then slowed 
or was maintained up to 12 mo. HbA1c levels decreased 
at 3 mo and then increased or maintained between 3 and 
12 mo after surgery. These patterns were similar in all 
three types of  surgery and may be associated with the 
increased calorie intake and general recovery that occurs 
3 mo after gastrectomy. These results suggest that weight 
loss is an important factor for diabetes improvement af-
ter gastric cancer surgery. Because one of  the main treat-
ments for type 2 diabetes is reduced calorie intake and 
gastrectomy is a type of  restrictive surgery, our results are 
not unexpected[13]. 

However, serum insulin, C-peptide, and HOMA-IR 
continuously improved to at least 12 mo after surgery, 
even if  the rate of  improvement slowed 3 mo post-

operatively. As shown in Table 2 and Figure 1, insulin, 
C-peptide, and HOMA-IR levels were significantly lower 
at the 12-mo evaluation compared to preoperative levels 
in all operation types. This suggests that insulin resis-
tance continued to improve after surgery up to 12 mo, 
although body weight, FBS, and HbA1c did not. Gastric 
cancer surgery, including gastric resection with or without 
bypass procedures of  a short segment of  the proximal 
small bowel, appears to have a beneficial metabolic influ-
ence on diabetes control. However, considering that the 
pattern of  biochemical data was similar in the STG B
Ⅰ and STG BⅡ group, incomplete bypass of  a short 
segment of  proximal small bowel (BⅡ) did not seem to 
provide significant additional benefits in terms of  glucose 
metabolism. 

The need for and amount of  diabetes medication, 
FBS levels, and HbA1c levels are convenient tools for 
evaluating the impact of  gastric cancer surgery on glu-
cose control in clinical practice. We divided patients into 
three groups (stationary, improved, and remission) based 
on the severity of  diabetes after surgery. Thirty three 
(51.6%) of  64 patients had improved glycemic control 3 
mo after surgery and this increased to 54.7% 12 mo after 
surgery. One patient went into remission 3 mo after STG 
BⅠ, however, this patient did not satisfy remission crite-
ria at the 12 mo evaluation time. Finally, only 2 patients 
were in remission 12 mo after surgery: one (6.2%) in the 

Table 3  Degree of diabetes mellitus control after surgery  n  (%)

STG BⅠ (n  = 36) STG BⅡ (n  = 16) TG (n  = 12)

3 mo 6 mo 12 mo 3 mo 6 mo 12 mo 3 mo 6 mo 12 mo

Stationary 16 (44.4) 16 (44.4) 15 (41.7) 8 (50) 8 (50)   6 (37.5) 6 (50) 7 (58.3) 6 (50)
Improved 19 (52.8) 20 (62.5) 21 (58.3) 8 (50) 8 (50)   9 (56.2) 6 (50)  4 (33.3)   5 (41.7)
Remission 1 (2.8) 0 0 0 0  1 (6.2) 0 1 (8.3) 1 (8.3)
Medication stopped   6 (16.7)   6 (16.7)   6 (16.7)   2 (12.5)    2 (12.5) 4 (25) 3 (25) 3 (25) 3 (25)

Stationary: No change in medication, or patients except improved and remission criteria; Improved: Reduced medication and a reduction in fasting blood 
glucose (FBS) or HbA1c; Remission: No medication and FBS < 126 mg/dL and HbA1c < 6.0%. STG BⅠ: Subtotal gastrectomy with Billroth Ⅰ anastomosis; 
STG BⅡ: Subtotal gastrectomy with Billroth Ⅱ anastomosis; TG: Total gastrectomy. 

Figure 1  Changes in body mass index and serum biochemical data after gastric cancer surgery according to the follow-up periods and operation type. A: 
Body mass index; B: Fasting blood glucose level; C: HbA1c; D: Insulin; E: C-peptide; F: Homeostasis model assessment-estimated insulin resistance; G: Triglyceride; H: 
Low-density lipoprotein-cholesterol; I: High-density lipoprotein-cholesterol. 

Preop 3 mo 6 mo 12 mo
STG BⅠ   96.8 89.0 81.3   90.8
STG BⅡ   97.4 97.9 94.4 101.6
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STG BⅡ group and the other (8.3%) in the TG group. It 
seems to be difficult to adequately control diabetes with 
gastric cancer surgery to stop medication. 

As shown in Table 5, the predictive factor for dia-
betes control 12 mo after surgery was the duration of  
diabetes. In univariate analysis, the rate of  BMI change, 
smoking history, and diabetes duration were associated 
with diabetes control 12 mo after surgery. In multivariate 
analysis, diabetes was controlled in gastric patients with 
a shorter duration of  diabetes. This result was similar to 
previous reports of  type 2 DM patients who took oral 
hypoglycemic agents and for those who received bariatric 
surgery[14,15]. It is possible that islet cell function is less 
impaired in patients with a shorter duration of  diabetes 
than in patients with a longer duration. Therefore, dia-
betes control would be more effective in gastric cancer 
patients with a short history of  diabetes. The operation 
type which reflects the extent of  gastric resection and 
the presence of  bypass of  a short segment of  proximal 
jejunum, were not associated with diabetes control 12 
mo after surgery. Although we failed to identify a differ-

ence in the efficacy of  diabetes control based on the type 
of  gastric cancer surgery, we did find that gastric cancer 
surgery positively affected diabetes. Although only 3.1% 
of  the 64 patients went into remission, 57.8% showed 
improved glycemic control after surgery. Considering 
that approximately 10% of  the general population suffers 
from diabetes and the incidence of  diabetes in gastric 
cancer patients is similar to that of  the general popula-
tion, an improvement in diabetes after gastric cancer 
surgery would reduce health-care costs and improve the 
quality of  life of  these individuals. 

Because more than half  of  the patients in this study 
were not obese, the impact of  gastrectomy described 
should not be interpreted as if  resulting from bariatric 
surgery. This study was initially planned to help surgeons 
select the most effective gastric cancer surgery for gas-
tric cancer patients with diabetes. In other retrospective 
studies, diabetic resolution rates after TG ranged from 
27.3%-50%, which were much higher than those after 
STG BⅠ and BⅡ. However, because the pattern of  
clinical and laboratory data were similarly changed in all 
three groups, we could not identify a difference between 
the STG BⅠ and STG BⅡ groups or between the STG 
and TG groups. Considering that the gap in HbA1c, in-
sulin, C-peptide, and HOMA-IR levels between STG and 
TG widened at postoperative 6 mo, TG seemed to have 
more potential for better and more persistent glucose 
control than STG. However, they showed no significant 
difference at postoperative 12 mo and we cannot clarify 
whether the extent of  gastrectomy or bypass length was 
more important in this study. We did not include patients 
who had STG with Roux-en-Y reconstruction which can 
provide a longer and complete bypass length of  proxi-
mal jejunum than STG BⅠ and BⅡ. As the extent of  
gastrectomy mainly depends on the tumor location and 
extent, and the length of  bypass of  proximal small bowel 
is very short in conventional gastric cancer surgery, the 

Table 4  Factors for diabetic control at postoperative 12 mo  
n  (%)

Stationary 
(n  = 27)

Improved or 
remission (n  = 37)

1P  (univariate)

Age (yr) 64.3 ± 7.2 62.2 ± 8.4  0.5822

Sex 0.789
   Male 19 (44.2) 24 (55.8)
   Female   8 (38.1) 13 (61.9)
BMI, preop 
(kg/m2)

24.5 ± 4.0 24.9 ± 3.0  0.4342

BMI
   3 mo 94.4% ± 5.0% 91.2% ± 5.3%  0.0182

   6 mo 93.7% ± 6.8% 90.4% ± 5.7%  0.0362

   12 mo 93.8% ± 9.1% 88.9% ± 7.8%  0.0412

Smoking 0.043
   Yes 16 (57.1) 12 (42.9)
   No 11 (30.6) 25 (69.4)
Alcohol history 0.132
   No 13 (34.2) 25 (65.8)
   Yes 14 (53.8) 12 (46.2)
DM duration (yr) 0.013
   > 10 10 (76.9)   3 (23.1)  
   5-10   8 (40.0) 12 (60.0)
   < 5   9 (29.0) 22 (71.0)
Family history of DM 1.000
   No 22 (42.3) 30 (57.7)
   Yes   5 (41.7)   7 (58.3)
Operation type 0.799
   STG BⅠ 15 (41.7) 21 (58.3)
   STG BⅡ   6 (37.5) 10 (62.5)
   TG   6 (50.0)   6 (50.0)
Preop FBS 152.1 ± 43.6 145.6 ± 40.3 0.6242

Preop HbA1c   6.9 ± 0.8   7.4 ± 1.2 0.3132

Preop Insulin   21.7 ± 26.3   19.0 ± 17.8 0.8042

Preop C-peptide   3.1 ± 2.2   3.3 ± 1.9 0.5092

Preop HOMA-IR     9.2 ± 12.8   7.3 ± 8.0 0.8352

1 χ2; 2Mann-Whitney U test, mean ± SD. Significant values are indicated 
in bold face. BMI: Body mass index, BMI (%) refers to the percentage of 
BMI at postoperative follow-up. DM: Diabetes mellitus; STG BⅠ: Subtotal 
gastrectomy with Billroth Ⅰ anastomosis; STG BⅡ: Subtotal gastrectomy 
with Billroth Ⅱ anastomosis; TG: Total gastrectomy; FBS: Fasting blood 
glucose; HOMA-IR: Homeostasis model assessment-estimated insulin 
resistance.

Table 5  Multivariate analysis of predictive factors for diabetic 
control at postoperative 12 mo

Variables Odds ratio 95%CI 1P

Sex
   Male
   Female   0.168 0.018-1.529 0.113
Smoking
   Yes
   No 12.636     0.946-124.216 0.068
BMI (%) 
   3 mo   0.869 0.690-1.094 0.232
   6 mo   0.839 0.626-1.125 0.240
   12 mo   1.055 0.893-1.246 0.526
DM duration (yr)
   > 10
   5-10 27.505     2.174-347.988 0.010
   < 5 10.583     0.808-138.670 0.072
Operation type
   STG BⅠ
   STG BⅡ   0.547 0.086-3.493 0.523
   TG   0.088 0.006-1.365 0.088

1Binary logistic regression. STG BⅠ: Subtotal gastrectomy with Billroth Ⅰ an
astomosis; STG BⅡ: Subtotal gastrectomy with Billroth Ⅱ anastomosis; TG: 
Total gastrectomy. 
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modification of  bypass length of  proximal small bowel 
would offer a better outcome for diabetic control. There-
fore, a study that includes a larger number of  patients 
and other types of  surgery will be necessary to identify 
any differences between the types of  gastric cancer sur-
gery. In addition, we did not determine postprandial glu-
cose and insulin level, thus we calculated only the insulin 
sensitivity index using a fasting-based formula. Therefore, 
further studies are needed to investigate the effect of  
gastric cancer surgery on gastric cancer patients with type 
2 DM using an insulin sensitivity index derived from the 
oral glucose tolerance test. 

In conclusion, gastric cancer surgery led to weight 
loss and a significant improvement in type 2 DM during 
the first year after surgery. The degree of  diabetes control 
was related to diabetes duration in each patient. However, 
the impact of  operation type in conventional gastric can-
cer surgery, such as the extent of  gastric resection and 
current reconstruction methods, on diabetes remains to 
be determined. 
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Abstract
AIM: To determine the clinical value of a splenorenal 
shunt plus pericardial devascularization (PCVD) in por-
tal hypertension (PHT) patients with variceal bleeding.

METHODS: From January 2008 to November 2012, 
290 patients with cirrhotic portal hypertension were 
treated surgically in our department for the prevention 
of gastroesophageal variceal bleeding: 207 patients 
received a routine PCVD procedure (PCVD group), and 
83 patients received a PCVD plus a splenorenal shunt 
procedure (combined group). Changes in hemodynam-
ic parameters, rebleeding, encephalopathy, portal vein 
thrombosis, and mortality were analyzed. 

RESULTS: The free portal pressure decreased to 21.43 
± 4.35 mmHg in the combined group compared with 
24.61 ± 5.42 mmHg in the PCVD group (P  < 0.05). 
The changes in hemodynamic parameters were more 

significant in the combined group (P  < 0.05). The 
long-term rebleeding rate was 7.22% in the combined 
group, which was lower than that in the PCVD group 
(14.93%), (P  < 0.05). 

CONCLUSION: Devascularization plus splenorenal shunt 
is an effective and safe strategy to control esophago-
gastric variceal bleeding in PHT. It should be recom-
mended as a first-line treatment for preventing bleed-
ing in PHT patients when surgical interventions are 
considered.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Comparative study; Portal hypertension; 
Splenorenal shunt; Devascularization; Esophagogastric 
variceal bleeding

Core tip: A comparison of two surgical techniques for 
esophagogastric variceal bleeding in patients with 
cirrhotic portal hypertension was performed. Pericar-
dial devascularization and shunt are the main surgi-
cal strategies for the prevention of esophagogastric 
variceal bleeding in patients with portal hypertension 
(PHT). In this study, we found that devascularization 
plus splenorenal shunt was an effective and safe strat-
egy for controlling esophagogastric variceal bleeding in 
PHT patients. This surgical technique should be recom-
mended as a first-line treatment for the prevention of 
bleeding in PHT patients when surgical interventions 
are considered.
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INTRODUCTION
In China, portal hypertension (PHT) is a major health 
threat in patients with hepatitis-related cirrhosis. PHT 
usually leads to multiple complications including spleno-
megaly, ascites, hepatorenal syndrome, encephalopathy, 
and even variceal hemorrhage. Of  these complica-
tions, the main complication associated with mortal-
ity risk is variceal hemorrhage, along with a high rate 
of  recurrence[1]. Variceal hemorrhage develops in half  
of  patients with cirrhosis, and bleeding occurs in ap-
proximately 20%. Patients with large varices have a 30% 
risk of  bleeding over 2 years[2]. The risk of  rebleeding 
without intervention is 65% over 2 years[3,4]. Although 
70%-80% patients can be treated effectively with a non-
cardioselective β-blocker and band ligation, 20%-30% 
of  them will fail in such treatment and require further 
therapy[2]. In recent years, with the advent of  alternative 
treatments, particularly the widespread use of  endoscopy 
and transjugular intrahepatic portosystemic shunt (TIPS), 
the use of  surgery in the acute management of  active 
variceal bleeding has decreased[5].

Although the results of  endoscopic procedures are 
satisfactory, the rate of  hemostasis failure is almost 
10%-20%, and mortality is approximately 60% if  a sec-
ond unsuccessful endoscopic treatment is performed 
without further intervention[6,7]. TIPS is currently one of  
the most commonly used therapies to decrease the free 
portal pressure (FPP) and stop bleeding. Although the 
rate of  encephalopathy is higher (30%) with a high mor-
tality rate[8,9], it results in better control of  rebleeding, but 
no change in mortality[2]. TIPS is also a useful method 
for patients who are immediate candidates for liver trans-
plantation, which is the only treatment to significantly 
prolong long-term survival in patients with cirrhosis. 

However, in China, the majority of  patients with 
refractory variceal bleeding do not have the opportunity 
of  liver transplantation due to the high cost and a short-
age of  donor livers. Moreover, there are many patients 
with Child-Pugh class A disease who may not require 
transplantation for many years and TIPS is not recom-
mended. Thus, in these cases, surgical intervention is 
necessary, and may be the only effective treatment to 
control rebleeding. Devascularization and shunts are 
two widely accepted surgical techniques for the man-
agement of  portal hypertension. Although pericardial 
devascularization (PCVD) and the shunt procedure have 
their advantages, they also have disadvantages, such as a 
significant rebleeding rate following PCVD and a high 
encephalopathy rate following shunt procedures[10-12].

Hence, over the last two decades, we have performed 
a new combined operation (splenorenal shunt plus de-
vascularization) to manage variceal esophageal bleeding 
resulting from portal hypertension secondary to cirrho-
sis. The aim of  this operation is to combine the advan-
tages of  devascularization and the shunt, and to reduce 
the disadvantages of  both techniques. In addition, we 
aimed to identify a more suitable treatment for those 

patients who have no other conditions or are unsuitable 
for liver transplantation or TIPS. 

MATERIALS AND METHODS
Patients and exclusion criteria 
From January 2008 to November 2012, 290 patients with 
PHT secondary to cirrhosis were hospitalized in our 
department. The patients were divided into two groups 
who received either the combined operation of  PCVD 
and splenorenal shunt or PCVD only for esophageal 
and gastric varices. Exclusion criteria for the combined 
group were as follows: (1) thrombosis of  the splenic 
vein; (2) the splenic vein was not suitable for a shunt; (3) 
extensive bleeding in the upper digestive tract associ-
ated with poor liver condition; (4) FPP lower than 30 
mmHg after splenectomy; (5) patients with Child-Pugh 
class B or less, and poor condition; (6) regional portal 
hypertension; and (7) emergency surgery. Otherwise, 
patients received the combined operation. However, 
the final decision was often made during surgery.

Portal hypertension was due to liver cirrhosis in all 
patients, and these patients underwent routine preopera-
tive clinical, biochemical and radiological evaluations, 
computed tomography scanning, and endoscopy. Prior 
to surgery, all patients were grouped according to Child-
Pugh classification.

PCVD
PCVD was carried out using the modified Hassab pro-
cedure[13] first described by Qiu[10]. Briefly, we made a 
left transabdominal incision, and after the abdomen was 
opened, we measured the FPP via catheterization of  the 
right gastroepiploic vein, and performed a splenectomy 
and PCVD. We used sequential ligation to devascularize 
the upper two-third vessels of  both the lesser and great-
er curvatures of  the stomach, including the left gastro-
epiploic vein, short gastric vein, and left gastric vein. The 
retrogastric venous collaterals running from the upper 
border of  the pancreas to the gastroesophageal junction 
were meticulously divided and ligated. The lower 5 cm 
of  the esophagus was devascularized via the transhiatal 
approach by sequential ligation. 

PCVD plus a splenorenal shunt
In the combined group, after the PCVD was performed, 
a modified proximal splenocaval shunt was carried out. 
The tail and body of  the pancreas, and the splenic vein 
and tributaries were carefully dissociated and placed to 
the right via the transverse mesocolon. The splenic vein 
was dissociated to a length of  2-3 cm and the infrarenal 
inferior vena cava was freed to a length of  4-5 cm for 
the preparation of  a splenocaval anastomosis, and the 
splenocaval shunt was then performed. The diameter of  
the anastomotic stomas ranged from 6 to 8 mm, and the 
tail of  the pancreas was fixed to the connective tissue 
surrounding the inferior vena cava to reduce the tension 
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Table 2  Intra- and post-operative clinical characteristics  n  (%)Table 1  Clinical characteristics

of  the anastomotic stoma. During both operations, the 
FPP was measured via the right gastroepiploic vein af-
ter opening the abdomen, ligation of  the splenic artery, 
removal of  the spleen, and PCVD, respectively. The 
FPP was also measured in the combined group after the 
shunt procedure.

All patients underwent color Doppler ultrasound be-
fore and after the operation to measure the portal and 
splenic vein diameters, maximum velocity, flow direction, 
and to determine the presence of  thrombosis in the por-
tal system. A follow-up visit was scheduled after the pa-
tients were discharged from hospital. The postoperative 
mortality (defined as death in the perioperative period), 
the rate of  complications, the incidence of  rebleeding, 
the rate of  encephalopathy, and survival were recorded. 

Statistical analysis
The data were analyzed by SPSS 19.0 statistical software. All 
results are presented as mean ± SD. The Mann-Whitney U 
test and the χ 2 test were used appropriately. The Kaplan-
Meier method (log rank test) was used to analyze long-
term complications appropriately. P < 0.05 was consid-
ered statistically significant. This study was exempt from 
IRB review after institutional IRB review. 

RESULTS
Clinical characteristics 
Patient age, sex ratio and Child-Pugh classification were 
statistically similar between the two groups (P > 0.05). 
Of  290 patients, 207 underwent PCVD, and the remain-
ing 83 patients underwent the combined operation. No 
emergency surgery was carried out in either of  the two 

groups (Table 1). 

Hemorrhage during the operation and operation time 
During the operation, the average blood loss in the 
PCVD group was 936 ± 1627 mL compared with 744 
± 832 mL in the combined group (P < 0.05). Moreover, 
the operation time was significantly shorter in the PCVD 
group compared with the combined group (246 ± 71 
min vs 307 ± 68 min, P < 0.05) (Table 2). 

Complications in the perioperative period
In the perioperative period, the main complications were 
ascites and postoperative fever. After surgery, there were 
no significant differences in the mean amount of  post-
operative ascites, which was 941 ± 833 mL in the PCVD 
group and 759 ± 695 mL in the combined group (Table 
2). However, the incidence of  postoperative fever in the 
PCVD group (27.86%, 56 of  201 patients) was signifi-
cantly higher than that in the combined group (12.04%, 
10 of  83 patients) (P < 0.05) (Table 2).

Changes in free portal pressure
In both groups, the postoperative free portal pressure 
(FPP) was significantly lower than that preoperatively 
(P < 0.01). However, there was no difference in the 
first measured FPP at abdominal opening, 29.23 ± 4.58 
mmHg in the PCVD group vs 29.81 ± 3.83 mmHg in the 
combined group. However, after PCVD and shunt sur-
gery, a significant decrease in the combined group (21.43 
± 4.35 mmHg) was observed compared to the PCVD 
group (24.61 ± 5.42 mmHg) (P < 0.01) (Table 3). 

Changes in hemodynamic parameters
Hemodynamic parameters of  the portal vein (PV) were 
measured preoperatively and postoperatively (Table 4). 
There were no significant differences in the inner diam-
eter, blood flow velocity and venous flow preoperatively, 
however, significant changes were found after surgery. 
In the PCVD group and the combined group, the post-
operative inner diameter, blood flow velocity and venous 
flow of  the PV were significantly decreased (P < 0.01), 
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Characteristics PCVD group (n  = 207) Combined group (n  = 83)

Mean age (yr) 45.79 43.72
SD 11.35   8.03
Range 17-77 30-63
Gender
   Male 130 55
   Female   77 28
Etiology
   HBV-related 142 58
   HCV-related   28 10
   HBV and HCV     3   1
Other causes   14   4
Alcohol-related   20 10
Child-Pugh 
   Grade A 134 73
   Grade B   67 10
   Grade C     6   0
Grade of varices
   Grade Ⅰ-Ⅱ   41 15
   Grade Ⅲ-Ⅳ 143 56
Bleeding site
   Esophageal   55 25
   Fundus varices   10   6

PCVD: Pericardial devascularization; HBV: Hepatitis B virus; HCV: Hepa-
titis C virus.

Clinical characteristics PCVD group Combined group P  value

Intraoperative
Operative time (min) 246 ± 71 307 ± 68 < 0.01
Blood loss (mL)     936 ± 1627   744 ± 832 < 0.01
Blood transfusion (mL)     843 ± 1237   760 ± 583       0.010
Postoperative
Fever 56 10 < 0.01
Ascites   941 ± 833   759 ± 695     0.24
Rebleeding 12 (5.80%) 2 (2.41%)     0.04
Long-term complications
Congestive gastropathy   35 (17.41%) 2 (2.41%) < 0.01
Encephalopathy   3 (1.45%) 2 (2.41%)     0.58
Portal vein thrombosis 16 (7.96%) 3 (3.61%)     0.04
Rebleeding   30 (14.93%) 6 (7.22%) < 0.05

PCVD: Pericardial devascularization.
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Table 3  Changes of free portal pressure in the two groups 
(mmHg)

due to rebleeding, 3 due to hepatic failure, 2 due to pri-
mary hepatic cancer, 1 due to cerebral hemorrhage, and 
1 due to other reasons. The 3-year survival rate in the 
combined group was 96.39% (80/83), 1 died due to he-
patic failure, 1 due to primary hepatic cancer, and 1 due 
to other reasons. 

DISCUSSION
The main aims of  the treatments used in PHT patients 
are to control variceal bleeding and to prevent rebleed-
ing. In addition, it is necessary to maintain enough portal 
hepatopetal perfusion and protect the limited liver func-
tion. In China, PCVD and distal splenorenal shunt are 
favored and widely accepted by surgeons, and have 
prevailed until now. Although these two favorable proce-
dures are based on two different hemodynamic theories, 
they achieve reliable effects by controlling variceal bleed-
ing. However, a high rebleeding rate caused by recurrent 
varices or a high rate of  residual varices and changes 
in the gastric mucosa following PCVD have been ob-
served[14-16]. In addition, it was reported that the shunt 
can preserve hepatopetal perfusion to support liver func-
tion and improve the microcirculation of  gastric muco-
sa[17-19], however, the incidence of  hepatic encephalopathy 
needs to be reduced.

Thus, in order to combine the advantages of  these 
two operations, we integrated these two different surgi-
cal procedures into one operation. Although there are 
limited reports on this combined operation, a compre-
hensive analysis is needed to prove its rationality. In this 
study, we retrospectively analyzed clinical data to deter-
mine the clinical value of  the combined procedure in 
patients with cirrhotic portal hypertension and variceal 
bleeding. A total of  290 patients with portal hyperten-
sion of  cirrhotic origin were enrolled in this study and 
received either PCVD only or the combined operation, 
respectively. 

The primary end point of  this study was variceal re-
bleeding. According to reports in the literature, the re-
bleeding rate of  patients who underwent devascularization 
was 7.1%-37%[20-22], and following distal splenorenal shunt 
the rebleeding rate was approximately 5%-15%[2,22-25]. In 
China, the rebleeding rate after prolonged follow-up in 
patients who underwent the combined operation was 
5%-10%, in contrast to 10%-30% in patients who un-
derwent PCVD[26-29]. Furthermore, after the PCVD pro-
cedure, the postoperative venous pressure in the gastric 
wall increased and exacerbated pathologic changes and 
congestive conditions in the gastric mucosa, therefore 
increasing the risk of  congestive gastropathy. It has been 
reported that the rate of  postoperative rebleeding caused 
by congestive gastropathy is 20%-83%[21,30,31]. However, 
the rates of  rebleeding and the incidence of  congestive 
gastropathy in our study were lower than those reported 
in the literature. In addition, the rebleeding rate in our 
combined group was significantly lower than that follow-
ing TIPS which was reported to be 10.5%[2].
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and the D values were also significantly different (P < 
0.01), respectively. Similar results for the splenic vein (SV) 
and the superior mesenteric vein (SMV) are also shown 
in Table 4. 

Rebleeding rate
The postoperative rebleeding rates in the PCVD and com-
bined groups were 5.80% (12/207) and 2.41% (2/83), 
respectively. In the PCVD group, 10 of  12 patients 
had bleeding before the operation. Compared with the 
PCVD group, 2 patients had preoperative bleeding in 
the combined group (Table 2). The data in Table 2 also 
show the long-term results of  rebleeding. In the 284 
survived patients (6 died in the perioperative period), the 
overall incidence of  rebleeding in the PCVD group and 
combined group was 14.93% (30/201) and 7.22% (6/83), 
respectively (P < 0.05). Twenty-one of  30 patients in 
the PCVD group had postoperative rebleeding, and 23 
patients had preoperative bleeding, while 6 patients in 
the combined group had either preoperative bleeding or 
postoperative rebleeding.

Long-term results of complications
The incidence of  congestive gastropathy in the PCVD 
group was 17.41% (35/201), which was significantly 
higher than that in the combined group, with only 2 pa-
tients (2.41%) affected (P < 0.05). The main long-term 
liver disease-related complications were encephalopathy 
and thrombosis. The incidence of  encephalopathy was 
1.45% (3/201) and 2.41% (2/83) in the PCVD group 
and combined group, respectively (P = 0.58). In each 
group, one patient died of  progressive liver failure at 10 
mo postoperatively due to severe encephalopathy. Portal 
vein thrombosis was found in 16 (7.96%) patients in the 
PCVD group and 3 (3.61%) patients in the combined 
group (P = 0.04), (Table 2). 

Postoperative mortality and survival
As a result of  the small number of  deaths in both groups, 
we analyzed the cause of  death and did not use statisti-
cal methods to evaluate mortality and survival. In con-
trast to the combined group with no death during the 
perioperative period, 6 of  the 207 patients in the PCVD 
group died during the perioperative period. Two of  
these patients died due to rebleeding, 3 due to hepatic 
failure, and one due to multiple system organ failure 
(MSOF) caused by gastric fistula. The 3-year survival 
rate was 95.52% (192/201) in the PCVD group, 2 died 

PCVD group Combined group Z P value

Abdominal opening 29.23 ± 4.58 29.81 ± 3.83 -0.36     0.72
Splenectomy 22.32 ± 5.33 24.60 ± 5.01 -2.91 < 0.05
PCVD 24.61 ± 5.42 22.06 ± 4.03 -3.08 < 0.05
Shunt 21.43 ± 4.35

PCVD: Pericardial devascularization.
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Table 4  Comparison of hemodynamics in the two groups pre- and post-operatively

The lower rebleeding rate and incidence of  gastropa-
thy in the combined group resulted from the following 
mechanisms. First, it has been demonstrated that ex-
tensive PCVD of  at least 6-8 cm under the mediastinal 
esophagus and the dissociation of  the uppermost gastric 
vessels[32] are necessary for the disappearance of  esopha-
geal varices[33]. Second, congestive gastropathy can be 
attenuated by an effective shunt, which can reduce the 
blood flow to the gastroesophageal mucosa and improve 
mucosal microcirculation in the stomach. Third, portal 
hypertension is relieved to some extent after splenocaval 
shunt surgery, and this may delay the reformation of  
gastroesophageal varices.

The changes in FPP and hemodynamics in the pres-
ent study had significant clinical implications. In both 
groups, the postoperative FPP decreased significantly, 
however, in the PCVD group, it was still higher than 
normal. The postoperative FPP in patients who under-
went the combined procedure decreased to a normal lev-
el. Furthermore, we also found that in both groups the 
PV, SV, and SMV parameters after the treatments were 
lower than preoperative levels. However, these changes 
were more significant in the combined group. These 
findings suggested that: (1) the combined operation ef-
ficiently reduced hypertensive congestion in the portal 
system; (2) a splenorenal shunt reduced the FPP more 
and markedly decreased hypertensive congestion in the 
portal system, and the combined procedure maintained 
PV patency and prevented a significant decrease in the 
pressure and blood flow of  the PV; (3) the combined 
operation not only decreased PVF, but also resulted in 
good control of  rebleeding. However, PCVD alone did 
not achieve control of  rebleeding; (4) the postoperative 
FPP was normal in the combined group, and may have 
contributed to the complementary action of  the hypo-
tensive effect of  the shunt and the hypertensive effect of  
PCVD; and (5) a significant decrease in the postoperative 
inner diameter and blood flow velocity in the combined 
group indicated that the PCVD plus shunt resulted in 
better hemodynamics.

These changes in hemodynamics may also maintain 
blood flow to the liver and prevent hepatic failure. 
Therefore, in our combined procedure we restricted the 
anastomotic stoma to maintain the hemodynamics in the 

appropriate range. Our historical experience showed that 
if  we restricted the stoma more than 1.0 cm the FPP 
would decrease faster following PCVD, and the stoma 
would diminish due to an excessive drop in the FPP. In 
our department, we restrict the anastomotic stoma to 
6-8 mm. This procedure also reduces the rate of  en-
cephalopathy. Based on previous experience, all types of  
shunts have been shown to have high encephalopathy 
rates due to a sharp drop in the PV and a reduction in 
portal pressure. In our study, the rate of  encephalopathy 
in the two groups was similar, indicating that PCVD plus 
shunt did not increase the risk of  encephalopathy. 

During both procedures, splenectomy was performed 
in all patients due to splenomegaly associated with hy-
persplenism. However, after surgery the platelet count 
was elevated, which resulted in a high-coagulation status 
and injury to the inner mucosa of  vessels, and blood 
flow velocity was reduced. As a result, thrombosis oc-
curred in the portocaval stoma and portal vein. The 
rate of  thrombosis is an important prognostic factor in 
patients with portal hypertension and cirrhosis. In our 
future studies, more effective efforts will be made to 
prevent thrombosis. 

According to the results from our study, we can con-
clude that splenorenal shunt plus devascularization is an 
effective choice in patients with esophagogastric variceal 
bleeding due to PHT. The clinical characteristics in the 
combined group were better than those in the PCVD 
group. Although the surgical risk in the combined group 
was equal to the PCVD group, the combined procedure 
resulted in a lower rate of  complications. Furthermore, 
the combined procedure maintained liver function, 
which is beneficial in patients who may have the oppor-
tunity of  future liver transplantation.

In the present study, we compared the outcomes fol-
lowing treatment with PCVD and the combined opera-
tion. We hope that a comparative study of  this com-
bined procedure and other treatments in cirrhotic PHT 
patients can be carried out in the future.
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Inner diameter (cm) Blood flow velocity (cm/s)
Pre-op Post-op D value P  value Pre-op Post-op D value P  value

PV PCVD 1.42 ± 0.21 1.24 ± 0.26 0.15 ± 0.17 < 0.01 15.28 ± 4.69 13.27 ± 4.76 2.01 ± 3.01 < 0.01
Combined 1.39 ± 0.26 1.01 ± 0.30 0.38 ± 0.25 < 0.01 16.52 ± 4.67 11.33 ± 3.78 5.19 ± 3.42 < 0.01

P 0.57 < 0.01 < 0.01 0.06 < 0.05 < 0.01
SV PCVD 1.21 ± 0.24 1.05 ± 0.21 0.18 ± 0.13 < 0.01 17.65 ± 5.53 14.10 ± 5.58 3.55 ± 0.92 < 0.01

Combined 1.25 ± 0.22 0.81 ± 0.22 0.43 ± 0.20 < 0.01 18.76 ± 5.76 13.10 ± 5.38 5.65 ± 3.00 < 0.01
P 0.25 < 0.01 < 0.01 0.17 0.21 < 0.01

SMV PCVD 0.95 ± 0.70 0.81 ± 0.21 0.14 ± 0.17 < 0.01 13.17 ± 4.61 11.00 ± 4.76 2.13 ± 2.33 < 0.01
Combined 0.92 ± 0.19 0.66 ± 0.23 0.26 ± 0.27 < 0.01 14.69 ± 5.23 10.40 ± 4.46 4.29 ± 3.07 < 0.01

P 0.3 < 0.01 < 0.01 < 0.05 0.33 < 0.01

PV: Portal vein; SV: Splenic vein; SMV: Superior mesenteric vein; PCVD: Pericardial devascularization.
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Background
In China, portal hypertension (PHT) is a major threatening event due to 
hepatitis-related cirrhosis. In recent years, with the advent of alternative treat-
ments, the role of surgery in the acute management of active variceal bleeding 
caused by PHT has decreased. However, devascularization and shunts are still 
two widely accepted surgeries for the management of portal hypertension. In 
this study, the authors investigated the clinical value of a splenorenal shunt plus 
pericardial devascularization (PCVD) in PHT patients with variceal bleeding.
Research frontiers
Liver transplantation is the major treatment for portal hypertension and upper 
gastrointestinal bleeding; however, due to the shortage of liver source and high 
cost, it is not acceptable extensively. It is important to find an effective method 
to control the complication of portal hypertension and prolong the survival time 
of the patients. 
Innovations and breakthroughs
The authors performed a combined operation (devascularization plus spl-
enorenal shunt) over the past two decades to manage variceal esophageal 
bleeding which results from the portal hypertension secondary to cirrhosis. 
They evaluated the clinical value of this combined surgery, and found that the 
devascularization plus splenorenal shunt is an effective and safe strategy to 
control esophagogastric variceal bleeding in PHT patients. It is superior to the 
traditional surgeries. 
Applications 
The devascularization plus splenorenal shunt is an effective and safe strategy 
to control esophagogastric variceal bleeding in PHT patients. It could be recom-
mended as a first-line treatment for preventing bleeding in PHT patients when 
surgical interventions are considered.
Terminology
In the combined group, after the splenectomy and PCVD, a modified proximal 
splenocaval shunt was performed. The tail and body of the pancreas, and the 
splenic vein and tributaries were carefully dissociated and were turned right via 
the transverse mesocolon. The splenic vein was dissociated to a length of 2-3 
cm and the infrarenal inferior vena cava was freed to a length of 4-5 cm for the 
preparation of a splenocaval anastomosis, and then the splenocaval shunt was 
performed. The diameter of the anastomotic stomas ranged from 6 to 8 mm, 
and the tail of the pancreas was fixed to the connective tissue surrounding the 
inferior vena cava to reduce the tension of the anastomotic stoma. 
Peer review
This is a very interesting topic and has puzzled the surgeons for many decades. 
It still remains controversial in China. The authors investigated the surgical out-
comes of patients with PHT who underwent PCVD alone or splenorenal shunt 
plus PCVD. They conclude that the devascularization plus splenorenal shunt 
is an effective and safe strategy to control esophagogastric variceal bleeding 
in PHT patients. Strengths of the study are the large number of cases, good 
follow-up and excellent annotation with clinical data.
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Abstract 
AIM: To analyze the expression of kallikrein gene 10 
(KLK10 ) in gastric cancer and to determine whether 
KLK10  has independent prognostic value in gastric 
cancer. 

METHODS: We studied KLK10  expression in 80 histo-
logically confirmed gastric cancer samples using real-
time quantitative reverse transcription-PCR and hK10 
expression using immunohistochemistry. Correlations 
with clinicopathological variables (lymph node metasta-
sis, depth of invasion and histology) and with outcomes 
(disease-free survival and overall survival) during a me-
dian follow-up period of 31 mo were assessed. Gastric 
cancer tissues were then classified as KLK10  positive or 
negative.

RESULTS: KLK10  was found to be highly expressed 
in 57/80 (70%) of gastric cancer samples, while its 
expression was very low in normal gastric tissues. Posi-
tive relationships between KLK10  expression and lymph 
node metastasis (P  = 0.048), depth of invasion (P  = 
0.034) and histology (P  = 0.015) were observed. Uni-
variate survival analysis revealed that gastric cancer pa-
tients with positive KLK10  expression had an increased 
risk for relapse/metastasis and death (P  = 0.005 and 
0.002, respectively). Cox multivariate analysis indicated 
that KLK10  was an independent prognostic indicator 
of disease-free survival and overall survival in patients 
with gastric cancer. 

CONCLUSION: KLK10  expression is an independent 
biomarker of unfavorable prognosis in patients with 
gastric cancer.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Kallikrein gene 10; Gastric cancer; Survival 
analysis; Prognostic biomarkers

Core tip: The study examined the clinicopathologic and 
prognostic significance of kallikrein gene 10 (KLK10 ) 
expression in gastric cancer. Based on collective find-
ings, we hypothesize that KLK10  expression in gastric 
cancer tissues may have prognostic/predictive value 
in patients with gastric cancer. KLK10  expression is an 
independent biomarker for predicting unfavorable prog-
nosis in patients with gastric cancer.
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INTRODUCTION
Gastric cancer is the fourth most common cancer, and 
the second leading cause of  cancer death worldwide[1]. 
Mortality due to gastric cancer has risen in China over 
the past 20 years, especially in rural areas and in aging 
populations[2,3]. Although the increased use of  screening 
for early disease diagnosis and the widespread administra-
tion of  systemic adjuvant therapies have led to a decline 
in mortality rates, the incidence and mortality of  gastric 
cancer are still second only to lung cancer[4,5].

The kallikrein gene family of  secreted serine proteases, 
consisting of  15 genes, is localized in tandem on chromo-
some 19q13.4 and shows significant homologies at both 
the nucleotide and the protein levels[6,7]. Kallikrein-related 
peptidase 10 is a member of  the kallikrein family and has 
been shown in numerous reports to be upregulated in 
ovarian cancer[8,9]. The human kallikrein (KLK) gene 10 
encodes human kallikrein gene 10 (KLK10) protein. Re-
cent studies have shown that human KLKs are involved 
in human carcinogenesis and that several KLKs are 
promising biomarkers of  prostate, ovarian, testicular and 
breast cancer[10,11]. For instance, prostate-specific antigen 
(PSA/hK3) which is encoded by the KLK3 gene is used 
as a cancer-specific marker for male population screening, 
early diagnosis and monitoring of  prostate cancer[12]. In 
addition, quantification of  KLK5 expression is critical for 
both the discovery of  early cellular and molecular altera-
tions in breast cancer, as well as the identification of  nov-
el diagnostic and prognostic biomarkers[13]. Many other 
KLKs are also expected to act as tumor biomarkers[14-17]. 
More recent evidence also implicates the KLKs in many 
cancer-related processes, including cell growth regulation, 
angiogenesis, invasion and metastasis[7]. Several authors 
have reported that KLK10 mRNA was highly expressed 
in ovarian cancer tissue and that hK10 may be a useful 
serum biomarker for the diagnosis and management of  
ovarian cancer[18]. However, few studies have focused on 
KLK10 expression in human gastric cancer.

In the present study, we examined the clinicopatho-
logic and prognostic significance of  KLK10 expression in 
gastric cancer. Based on collective findings, we hypoth-
esize that KLK10 expression in gastric cancer tissues may 
have prognostic/predictive value in patients with this 
malignancy. 

MATERIALS AND METHODS
Study population
Tumor specimens from 80 consecutive patients undergo-
ing surgical treatment for primary gastric cancer at the 
Department of  General Surgery, Tianjin First Central 
Hospital (Tianjin, China) were analyzed in this study. Pa-
tient age ranged from 35 to 74 years, with a median of  51 
years (Table 1). All tumor specimens and matched control 
samples taken from normal tissues at the incision edge 
were snap-frozen in liquid nitrogen and stored at -80 ℃ 
for subsequent RNA extraction. Investigations were car-
ried out in accordance with the ethical standards of  the 

1975 Helsinki Declaration, as revised in Tokyo 2004. The 
patients had not received hormonal therapy or chemo-
therapy prior to surgery. After surgery, all patients were 
treated with oxaliplatin-based chemotherapy regimens 
based on a platinum compound, alone or in combination 
with other drugs; grade 1 and stage Ⅰ patients received 
no further treatment. Follow-up information (median 
follow-up period of  31 mo) was available for 80 patients 
(Table 1). Two time-to-event outcomes after surgery were 
recorded: disease-free survival (DFS) and overall survival 
(OS). DFS in each case was defined as the time interval 
between the date of  primary cancer removal and the date 
of  the first documented evidence of  relapse. OS was de-
fined as the time interval between the date of  surgery and 
the date of  death, or the date of  last follow-up for those 
who were alive at the end of  the study. 

Clinical and pathological information documented 
at the time of  surgery included clinical stage, histology, 
depth of  invasion and lymph node metastasis (Table 2). 
All pathological factors were established as described 
by the 2010 National Comprehensive Cancer Network 
Guideline.

Ethics
The study protocol was approved by the Ethics Com-
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  Variable No. of patients mean ± SE Range

  Age (yr) 80 51 ± 0.81 35-74 
  Lymph nodes1 80 30 ± 3.11   0-63
  Follow-up (mo)2 80 31 ± 1.98   7-52

Table 1  Data of the study population

1Number of lymph nodes removed during surgery; 2Follow-up time after 
surgery. 

  Variable Total KLK10-negative KLK10-positive P  value1

  Sex
     Male 56 14 42
     Female 24   9 15 0.258
  Age (yr)
     < 60 31 10 21
     ≥ 60 49 13 36 0.581
  Depth of invasion2

     T1 27 12 15
     T2-T3 23   7 16
     T4 30   4 26 0.034
  Lymph node metastasis2

     N1 21   4 17
     N2 35 15 20
     N3 24   4 20 0.048
  Differentiation2

     Well 18 10   8
     Moderate 37   7 30
     Poor 25   6 19 0.015

Table 2  Associations between kallikrein gene 10 status and 
other variables in 80 patients with gastric cancer

1χ 2 test; 2TNM stage system of American Joint Committee on Cancer of 
2012. KLK10: Kallikrein gene 10.



mittee of  the hospital and written informed consent was 
obtained from each patient.

Immunohistochemistry
Immunohistochemical studies of  hK10 were carried out 
using the avidin-biotin-peroxidase method (LSAB2 kit, 
Dako, Kyoto, Japan) on formalin-fixed, paraffin-embed-
ded surgical specimens from patients with gastric can-
cer. All sections were counterstained with hematoxylin. 
Primary goat polyclonal antibodies against hK10 (Santa 
Cruz, United States) were used at dilutions of  1:700.

All sections were independently examined by two 
researchers (Xin Jiao, Mi-Mi Zhai). The expression of  
hK10 was scored as positive when the carcinoma cell cy-
toplasm was stained brown. We examined hK10 protein 
expression in tumor tissues and corresponding normal 
tissues from 80 gastric cancer cases.

Total RNA extraction and reverse transcription
Tumor tissues of  100 mg were minced on dry ice us-
ing a scalpel and immediately transferred to 2 mL poly-
propylene tubes. Total RNA was isolated from these 
samples using TRI-reagent (Ambion Inc., Austin, TX, 
United States) following the manufacturer’s instructions. 
Total RNA concentration and quality were determined 
spectrophotometrically at 260 and 280 nm, and RNA 
integrity was evaluated using agarose gel electrophore-
sis. Reverse transcription of  the mRNA molecules into 
first-strand cDNA was carried out using 1 μg of  total 
RNA from each tissue specimen, M-MuLV Reverse 
Transcriptase RNase H (Finnzymes Oy, Espoo, Finland) 
and an oligo(dT) oligonucleotide as a reverse transcrip-
tion primer, according to the manufacturer’s instructions. 
Confirmation of  the integrity of  total RNA is shown in 
Figure 1.

Real-time quantitative reverse transcription-PCR
Based on the mRNA sequences from the NCBI Se-
quence database, gene specific primers were designed 
and synthesized for the target KLK10 gene (NCBI Refer-

ence Sequence: NM_002776) and HPRT1 (hypoxanthine 
phosphoribosyltransferase-1) endogenous reference 
gene (NCBI Reference Sequence: NM_000194.2) us-
ing the Primer Express software (Applied Biosystems, 
CA, United States). A KLK10 fragment was amplified 
using the primers: forward, 5’-CTCTGGCGAAGCT-
GCTG-3’ and reverse, 5’-ATAGGCTTCGGGGTC-
CAA-3’, whereas the primers for HPRT1 were: forward, 
5’-TGGAAAGGGTGTTTATTCCTCAT-3’ and reverse, 
5’-ATGTAATCCAGCAGGTCAGCAA-3’. 

Real-time PCR assays of  KLK10 mRNA expression 
levels were performed using a 7500 Fast Real-Time PCR 
System (Applied Biosystems, Foster City, CA, United 
States), and the reagents TaqMan Fast Universal PCR 
Master Mix (29) (Applied Biosystems, United States) 
according to the manufacturer’s instructions. With an 
initial polymerase activation step at 95 ℃ for 10 min, the 
amplification conditions of  the 40 cycles consisted of  
denaturation at 95 ℃ for 15 s, annealing at 59 ℃ for 30 s, 
and elongation at 72 ℃ for 30 s. The products were then 
subjected to a temperature gradient from 55 ℃ to 95 ℃ 
at 0.1 ℃/s with continuous fluorescence monitoring to 
produce a melting curve of  the products. KLK10 mRNA 
expression was calculated from the standard curve, and 
quantitative normalization of  cDNA in each sample was 
performed using the expression of  GAPDH mRNA 
as an internal control[19]. We classified the 80 cases into 
two groups using the mean expression level of  KLK10 
mRNA in tumor tissues (0.03): i.e., a positive-expression 
group (≥ 0.03, n = 57) and a negative-expression group 
(< 0.03, n = 23).

Statistical analysis 
Statistical analysis were performed using SPSS for Win-
dows version 19.0 (SPSS, Chicago, IL, United States). As-
sociations between clinicopathological parameters, such 
as depth of  invasion, lymph node metastasis, histology 
and KLK10 expression were analyzed by the Chi-square 
test or Fisher’s exact test, where appropriate. Survival 
analysis were performed by constructing Kaplan-Meier 
DFS and OS curves and differences between curves were 
evaluated by the log-rank test (Mantel, 1966), and by es-
timating the relative risks for relapse and death using the 
Cox proportional hazards regression model (Cox, 1972). 
Cox analysis was conducted at both univariate and mul-
tivariate levels. Only the patients with known status of  
all variables were included in the multivariate regression 
models, which incorporated KLK10 and all other vari-
ables, for which the patients were characterized. 

RESULTS
Relationship between KLK10 expression and other 
parameters 
Of  the 80 patients included in this study, 57 (70 ℃) were 
positive for KLK10 expression in gastric cancer tissues. 
In normal gastric tissues, the level of  KLK10 was unde-
tectable or low. Table 2 shows the distribution of  KLK10 
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The histotype also correlated with these groups (P = 
0.015). In contrast, no significant difference was observed 
regarding age and sex. The 3-year actuarial OS rates in 
patients with gastric cancer and positive KLK10 mRNA 
expression and in patients with negative KLK10 mRNA 
expression were 20% and 42%, respectively (Figure 3). 
The survival difference between these two groups was 
statistically significant (P = 0.002; log-rank test).

Univariate and multivariate survival analysis
The degree of  association between each clinicopathologi-
cal variable and DFS and OS is shown in Table 3. In uni-
variate analysis, patients with KLK10-positive gastric can-
cer had a significantly increased risk of  relapse (decreased 
DFS) and death (decreased OS) (hazards ratios of  0.46 
and 0.43; P = 0.005 and 0.002, respectively). Neverthe-
less, positive KLK10 expression was weakly associated 
with an increased risk of  death (decreased OS) (hazards 
ratio of  0.55; P = 0.03) in multivariate analysis compared 
with univariate analysis, while no significant association 
was found between the positive KLK10 expression and 
relapse (decreased DFS) in patients with gastric cancer in 
multivariate analysis (P = 0.06). 

Depth of  invasion and histotype were the strongest 
independent indicators of  poor prognosis (P < 0.05, 
except for depth of  invasion for OS in multivariate analy-
sis). As expected, Kaplan-Meier survival curves (Figure 3) 
indicated that patients with KLK10-positive gastric cancer 
had shorter DFS (P = 0.003) and OS (P = 0.002) com-

expression (positive or negative) in gastric cancer tissues 
in relation to age, sex, lymph node metastasis, depth of  
invasion and histology. Patients with KLK10-positive 
gastric cancer more frequently had more lymph node me-
tastasis (P = 0.048), greater depth of  invasion (P = 0.034) 
and poorer histology (P = 0.015). No significant associa-
tions between KLK10 expression and age (P = 0.581) and 
sex (P = 0.258) were found.

Immunohistochemistry 
In 55 of  the 57 patients who were positive for KLK10 
mRNA expression, specific expression of  hK10 protein 
was only found in cancer tissues, but not in the cor-
responding normal tissues (Figure 2). In 23 cases with 
negative expression of  KLK10 mRNA, 20 exhibited 
negative or weak expression of  hK10 in cancer tissues. 
In contrast, 2 cases with high KLK10 mRNA expression 
exhibited negative or poor hK10 protein expression in 
cancer tissues.

Clinicopathologic significance of KLK10 mRNA 
expression in gastric cancer
The clinicopathologic factors analyzed in relation to 
KLK10 mRNA expression in tumor tissues are shown in 
Table 2. The level of  lymphatic invasion was significantly 
higher (P = 0.048) in the positive-expression group than 
in the negative-expression group. The depth of  gastric 
wall invasion was greater (P = 0.034) in the positive-
expression group than in the negative-expression group. 

Figure 2  Immunohistochemical analysis of hK10 pro-
tein expression in normal gastric tissues and gastric 
tumor tissues. A: hK10 protein expression in normal 
gastric tissues; B: hK10 protein expression in gastric tumor 
tissues.
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pared with KLK10-negative patients.

DISCUSSION
Gastric cancer is a common malignant tumor of  the gas-
trointestinal tract. The optimal management of  patients 
with gastric cancer involves a multidisciplinary approach: 
diagnosis, surgery, and chemotherapy, including the use 
of  biological markers. Several authors have reported that 
KLK10 mRNA is highly expressed in human cancer tis-
sues[20-23]. In the current study, we found a significant re-
lationship between KLK10 mRNA expression and lymph 
node metastasis, depth of  invasion and histology in 
patients with gastric cancer, as shown in Table 1. These 
findings indicate that the overexpression of  KLK10 was 
significantly associated with both an increased incidence 
of  lymphatic invasion and poor histology in patients 
with gastric cancer. These results suggest that enhanced 
expression of  KLK10 may play an important role in vari-
ous pathologic processes of  gastric cancer. The results 
obtained in this study are in agreement with previous 
studies which examined the association between KLK10 
expression status and the clinicopathological features of  
patients with gastric cancer[24].

Some members of  the KLK family have been 
identified as potential biological markers of  prognosis, 
including KLK5, KLK14 and KLK7[25]. For example, 
KLK5 expression is an indicator of  poor prognosis in 
ovarian cancer[26]. Furthermore, stratifying patients based 
on the presence or absence of  such markers may result 
in a different prognosis in individuals. For example, both 
KLK8 mRNA and KLK6 mRNA are highly expressed 
in human breast cancer tissues, however, it is unknown 
whether a breast cancer patient with high expression of  
KLK8 has a good/poor prognosis compared to a breast 
cancer patient with high expression of  KLK6.

In this study, we identified KLK10 as a new biomarker 
of  poor prognosis in gastric cancer. Patients with KLK10-
positive tumors were more likely to have poor histology 
and advanced stage disease. Our findings demonstrate 
that KLK10 expression can reduce DFS in patients with 
gastric cancer in univariate, but not in multivariate analy-
sis (Table 2). In addition, when assessing KLK10 expres-
sion to predict survival outcomes, we found an increased 
risk of  death in patients with KLK10-positive tumors in 
both univariate and multivariate analysis (Table 2). This 
indicates that KLK10-positivity may be an independent 
prognostic factor in patients with gastric cancer. That is, 
KLK10 may induce gastric cancer cell growth and prolif-
eration. However, the function of  the KLK10 signaling 
pathway is unclear. Some reports indicate that serine pro-
teinases (the KLK gene family of  secreted serine prote-
ases includes 15 genes) participate in tumor growth and 
invasion by cleaving and activating proteinase-activated 
receptors (PARs: PAR-1 and PAR-2)[27-29]. A recent study 
demonstrated that KLK4 is aberrantly expressed in colon 
cancer and capable of  inducing PAR-1 signaling in cancer 
cells[30]. KLK4 is a tumorigenic factor. Another report 
showed that KLK14 induced significant extracellular 
signal-regulated kinases 1 and 2 (ERK1/2) phosphoryla-
tion and HT29 cell proliferation, presumably by activat-
ing PAR-2. A PAR-2 cleavage and activation-blocking 
antibody markedly reduced KLK14-induced ERK1/2 
signaling[31]. Our lack of  knowledge of  KLK10 function 
and regulation in gastric cancer tissues does not allow us 
to formulate reasonable hypothesis to explain these ob-
servations. More studies with a larger group of  patients 
are necessary to substantiate these findings.

The current study indicates that KLK10 mRNA was 
significantly overexpressed in gastric cancer tissues and 
high KLK10 expression levels were associated with lym-
phatic invasion, tumor invasion and poor patient prog-

  Survival variable  Disease-free survival Overall survival

95%CI2 P  value HR1 95%CI2 P  value HR1 
  Univariate analysis
     KLK10
     Negative   1.00   1.00
     Positive 0.25-0.74    0.002   0.46 0.26-0.79    0.005   0.43
     Age 0.97-1.01  0.46   0.99  0.97-1.01  0.49   0.99
     Sex 0.55-1.53  0.75   0.90 0.54-1.51  0.69   0.92
     Depth of invasion 1.55-2.81 < 0.001   2.13 1.57-2.89 < 0.001   2.08
     Lymph node metastasis 0.97-1.97  0.07   1.42 0.99-2.02    0.051   1.38
     Histology   6.42-22.46 < 0.001 10.25   5.73-18.32 < 0.001 12.01
  Multivariate analysis
     KLK10
     Negative 1.00  1.00
     Positive 0.31-0.96 0.03   0.58 0.33-1.02  0.06   0.55
     Age 0.95-1.00 0.02   0.97 0.95-0.99  0.04   0.97
     Sex 0.77-2.22 0.31   1.33 0.77-2.28  0.30   1.31
     Depth of invasion 0.99-1.90 0.06   1.42 1.02-1.98  0.03   1.37
     Lymph node metastasis 0.84-1.59 0.35   1.21 0.87-1.67  0.24   1.16
     Histology   6.55-25.41 0.03 11.11   5.87-21.02 < 0.001 12.90

Table 3  Univariate and multivariate analysis of disease-free survival and overall survival 

1Hazard ratio (HR) estimated from Cox proportional hazard regression model; 2Confidence interval of the estimated HR. KLK10: Kallikrein gene 10.
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nosis. hK3 has been well documented to be an excellent 
tumor marker for prostate cancer. Moreover, hK10 is a 
promising serum biomarker for ovarian cancer. There-
fore, studies are now underway to investigate whether 
hK10 may also be a useful biomarker for gastric cancer 
using serum samples from the patients treated at our 
hospital.
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Abstract
AIM: To investigate serum cystatin C level as an early 
biomarker for predicting acute kidney injury (AKI) in 
patients with acute-on-chronic liver failure (ACLF). 

METHODS: Fifty-six consecutive patients with hepatitis 
B virus-related ACLF who had normal serum creatinine 
(Cr) level (< 1.2 mg/dL in men, or < 1.1 mg/dL in 
women) were enrolled in the Liver Failure Treatment 
and Research Center of Beijing 302 Hospital between 
August 2011 and October 2012. Thirty patients with 
chronic hepatitis B (CHB) and 30 healthy controls in the 
same study period were also included. Measurement of 
serum cystatin C (CysC) was performed by a particle-

enhanced immunonephelometry assay using the BN 
Prospec nephelometer system. The ACLF patients were 
followed during their hospitalization period. 

RESULTS: In the ACLF group, serum level of CysC 
was 1.1 ± 0.4 mg/L, which was significantly higher (P  
< 0.01) than those in the healthy controls (0.6 ± 0.3 
mg/L) and CHB patients (0.7 ± 0.2 mg/L). During the 
hospitalization period, eight ACLF patients developed 
AKI. Logistic regression analysis indicated that CysC 
level was an independent risk factor for AKI develop-
ment (odds ratio = 1.8; 95%CI: 1.4-2.3, P  = 0.021). 
The cutoff value of serum CysC for prediction of AKI in 
ACLF patients was 1.21 mg/L. The baseline CysC-based 
estimated glomerular filtration rate (eGFRCysC) was sig-
nificantly lower than the creatinine-based eGFR (eGFRCG 
and eGFRMDRD) in ACLF patients with AKI, suggesting 
that baseline eGFRCysC represented early renal function 
in ACLF patients while the Cr levels were still within the 
normal ranges. 

CONCLUSION: Serum CysC provides early prediction 
of renal dysfunction in ACLF patients with a normal se-
rum Cr level.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Acute-on-chronic liver failure; Cystatin C; 
Creatinine; Acute kidney injury; Prediction

Core tip: Severe renal dysfunction often occurs in pa-
tients with acute-on-chronic liver failure (ACLF) due 
to circulatory abnormalities and inflammation. New 
biomarkers with higher reliability and specificity for 
monitoring renal function are required. Fifty-six pa-
tients with ACLF and normal serum creatinine (Cr) were 
enrolled. Our results showed that patients who devel-
oped acute kidney injury during hospitalization had sig-
nificantly higher basal serum cystatin C (CysC) levels. 
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CysC-based estimated glomerular filtration rate more 
accurately represented renal function in ACLF patients. 
CysC can be used as an early biomarker for detection 
of renal dysfunction in patients with ACLF before any 
increase in serum Cr is detected.

Wan ZH, Wang JJ, You SL, Liu HL, Zhu B, Zang H, Li C, Chen 
J, Xin SJ. Cystatin C is a biomarker for predicting acute kidney 
injury in patients with acute-on-chronic liver failure. World J 
Gastroenterol 2013; 19(48): 9432-9438  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i48/9432.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i48.9432

INTRODUCTION
Acute-on-chronic liver failure (ACLF) encompasses pa-
tients with previously well-compensated liver disease in 
whom acute decompensation of  liver function occurs be-
cause of  a precipitating event[1]. In China, hepatitis B vi-
rus (HBV)-infected ACLF patients account for > 80% of  
ACLF patients, due to a high incidence of  chronic HBV 
infection[2,3]. The progressive nature of  ACLF affects 
many organ systems. Kidney dysfunction is a common 
complication of  advanced liver disease and associated 
with a high mortality[4-6]. 

Acute tubular necrosis and hepatorenal syndrome 
(HRS) may account for the majority of  cases of  severe 
renal dysfunction in patients with ACLF due to under-
lying circulatory abnormalities and inflammation[4,7]. 
Recently, the Acute Kidney Injury Network (AKIN) 
proposed a new term for acute renal dysfunction, namely, 
acute kidney injury (AKI), which can represent the entire 
spectrum of  acute renal dysfunction[8,9]. The definition 
of  AKI is based on changes in serum creatinine (Cr). 
Unfortunately, Cr is an unreliable indicator during acute 
changes in kidney function because it is highly dependent 
on extrarenal factors during the estimation[10]. Serum Cr 
concentrations may not change until approximately 50% 
of  kidney function has already been lost[11]. In addition, 
elevated serum bilirubin in ACLF patients can interfere 
with the measurement of  serum Cr using the Jaffe meth-
od[12]. Therefore, a Cr-based estimation of  the glomerular 
filtration rate (GFR) may overestimate renal function in 
patients with ACLF. Thus, new biomarkers with higher 
reliability and specificity for estimation of  renal function 
are required. 

Serum cystatin C (CysC) is currently being investi-
gated for the prediction of  AKI in patients with cardiac 
surgery[13], advanced liver diseases[14], and patients under-
going liver transplantation[15]. CysC is a ubiquitous protein 
that is freely filtered by the kidney and then metabolized 
by the tubules. Unlike Cr level, CysC level is independent 
of  muscle mass, age or sex, and is not influenced by in-
flammatory conditions or malignancy[16,17]. CysC signifi-
cantly outperforms both Cr and endogenous creatinine 
clearance rate and detects impairment of  GFR earlier 

than Cr does[18]. Several reports have suggested that in-
creased CysC levels are more sensitive for prediction of  
HRS development in patients with cirrhosis[14,19,20], but 
the data using CysC levels in ACLF patients are lacking. 

The purposes of  this study were to investigate wheth-
er serum CysC levels are increased in ACLF patients by 
comparing with chronic hepatitis B (CHB) patients and 
healthy controls, and to further determine whether CysC 
can be used as an early biomarker for predicting AKI in 
ACLF patients.

MATERIALS AND METHODS
Ethics
The protocol was approved by the Ethical Committee 
of  Beijing 302 Hospital. All procedures followed were in 
accordance with the ethical standards of  the responsible 
committee on human experimentation (institutional and 
national) and with the Helsinki Declaration of  1975, as 
revised in 2008. Written informed consent was obtained 
from each patient before entering the study protocol.

Patients and controls
Fifty-six consecutive patients with HBV-related ACLF 
and normal serum creatinine level (male: < 1.2 mg/dL, 
female: < 1.1 mg/dL) were admitted to the Liver Failure 
Treatment and Research Center of  Beijing 302 Hospi-
tal between August 2011 and October 2012. ACLF was 
diagnosed based on a recent increase in jaundice (serum 
total bilirubin > 171.0 μmol/L) and decreasing plasma 
prothrombin activity (< 40%)[21]. Thirty patients with 
CHB were enrolled during the same study period. CHB 
was diagnosed according to the criteria recommended 
by the Chinese Society of  Infectious Diseases, and the 
Chinese Society of  Hepatology[22]. Serum samples from 
30 age- and sex-matched healthy volunteers were used 
to determine the normal values of  the indicators. The 
ACLF patients were followed during their hospitalization. 
Patients with intrinsic renal disease, spontaneous bacterial 
peritonitis, sepsis or gastrointestinal bleeding at enroll-
ment were excluded from the study. 

Laboratory and clinical parameters 
Consecutive serum samples from ACLF patients were 
collected upon admission and throughout hospitaliza-
tion (every 3 d). The serum samples of  healthy controls 
were collected when they came to the Health Examina-
tion Centre. The serum samples of  CHB patients were 
collected on admission to our center. All samples were 
stored within 2 h at -20  ℃ until analysis. Biochemical 
tests, including blood urea nitrogen (BUN), sodium, albu-
min, and bilirubin, were routinely performed. Serum Cr 
levels were determined using the modified Jaffe method 
(Beckman, Hamburg, Germany). Serum CysC measure-
ments were performed by the particle-enhanced immu-
nonephelometry assay using the BN Prospec Nephelom-
eter system (Dade Behring, Newark, DE, United States). 
The model for end-stage liver disease (MELD) score was 

9433 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

Wan ZH et al . Cystatin C in acute-on-chronic liver failure



calculated as: 3.8ln (total bilirubin in mg/dL) + 11.2ln 
(INR) + 9.6ln (Cr in mg/dL) + 6.4. In addition, two 
methods of  Cr-based estimated GFR (eGFR) were used: 
(1) the formula of  Cockcroft and Gault[23] (eGFRCG); and 
(2) the modification of  the diet in renal disease (MDRD) 
equation (eGFRMDRD)[24]. CysC-based GFR estimation 
was calculated using the Hoek formula (eGFRCysC-1)

[25] and 
the Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation (eGFRCysC-2)

[26]. 
AKI was diagnosed as follows[9]: an abrupt reduction 

in kidney function as manifested by an absolute increase 
in serum Cr by ≥ 0.3 mg/dL, equivalent to a percentage 
increase in serum Cr by ≥ 50% (≥ 1.5 folds from base-
line) without any evidence of  pre-existing kidney disease. 

Statistical analysis
The results are expressed as mean ± SD or the number 
of  patients. Data processing was carried out using SPSS 
for Windows version 17.0 (SPSS, Chicago, IL, United 
States). Continuous variables were determined using 
Student’s t test. Parameters with non-normal distribution 
were compared using the Mann-Whitney U test. Categor-
ical data were compared by the χ 2 test. Spearman’s cor-
relation analysis was used to assess relationships between 
two parameters. Receiver operating characteristic curves 
(ROCs) were formed to detect sensitivity and specific-
ity of  CysC, Cr, BUN and serum sodium for predicting 
the development of  AIK, using Medcalc 12.7.7 software. 
Multivariate analysis with logistic regression was used to 
determine independent factors. P < 0.05 was considered 
statistically significant.

RESULTS
Clinical characteristics of enrolled patients
A total of  86 patients with chronic HBV infection, in-
cluding 56 with ACLF and 30 with CHB, and 30 healthy 

volunteers were enrolled in this study. The basal clinical 
characteristics of  patients at admission are summarized 
in Table 1. Patients with ACLF comprised 40 men (71.4%) 
and 16 women (28.6%) with a mean age of  44 ± 11 years. 
The serum level of  sodium in ACLF patients was 134.8 
± 4.5 mEq/L and hyponatremia (serum sodium level < 
130 mEq/L) was documented in six patients (10.7%). 
The average level of  Cr was 0.9 ± 0.1 mg/dL in ACLF 
patients. As shown in Table 1, the baseline serum level of  
CysC was 1.1 ± 0.4 mg/L in ACLF patients, which was 
significantly higher (P < 0.01) than those in CHB patients 
(0.7 ± 0.2 mg/L) and healthy controls (0.6 ± 0.3 mg/L). 
A moderate increase (P > 0.05) in CysC was found in 
CHB patients in comparison with healthy controls. Mean-
while, in ACLF patients, the serum CysC level showed a 
significant positive correlation with the MELD score (r = 
0.746, P < 0.001) (Figure 1A). However, the serum CysC 
level was not correlated with the serum Cr level (r = 0.193, 
P = 0.155) (Figure 1B).

Development of AKI
Patients with ACLF were followed during their hospital-
ization. The average hospitalization duration was 36 ± 10 
d. During this period, eight (14.3%) of  56 patients devel-
oped AKI. The baseline clinical and laboratory charac-
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Table 1  Clinical characteristics of the study population at 
admission

Parameter ACLF 
(n  = 56)

CHB 
(n  = 30)

Control 
(n  = 30)

Male/female 40/16 21/9 14/6
Age (yr)     44 ± 11   40 ± 10   39 ± 8
Alanine aminotransferase (IU/L)     145 ± 189    71 ± 61 21 (10-31)
Total bilirubin (mg/dL)   20.2 ± 5.6    2.2 ± 1.3     0.7 ± 0.2
Albumin (g/L)   30.4 ± 4.8   33.5 ± 5.2   35.6 ± 4.9
BUN (mmol/L)     4.4 ± 2.1     4.1 ± 1.8     4.8 ± 1.5
Plasma sodium (mEq/L) 134.8 ± 4.5 135.6 ± 5.7 137.4 ± 3.8
Cr (mg/dL)     0.9 ± 0.1     0.8 ± 0.1     0.8 ± 0.1
CysC (mg/L)     1.1 ± 0.4    0.7 ± 0.2     0.6 ± 0.3
International normalized ratio     1.9 ± 0.4    1.1 ± 0.2     0.9 ± 0.1
HBV DNA log10 (IU/mL)     4.75 ± 2.11    6.21 ± 2.78
Ishak score ND 4 (3-5)1

MELD score   24 ± 3    8 ± 4

1Histopathological data from 20 chronic hepatitis B (CHB) patients. ND: 
Not determined; BUN: Blood urea nitrogen; Cr: Creatinine; CysC: Serum 
cystatin C; HBV: Hepatitis B virus; MELD: Model for end-stage liver 
disease.

2.5

2.0

1.5

1.0

0.5

0

Cy
st

at
in

 C
 (

m
g/

L)

18         20         22         24         26          28         30
                                   MELD

2.5

2.0

1.5

1.0

0.5

0

Cy
st

at
in

 C
 (

m
g/

L)

0.6        0.7        0.8        0.9        1.0         1.1       1.2
                          Creatinine (mg/dL)

Figure 1  Scatter plots. A: Serum cystatin C (CysC) level vs model for end-
stage liver disease (MELD) score; B: Serum CysC level vs serum creatinine (Cr) 
level. 
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Comparison of methods for estimating GFR using Cr- or 
CysC-based formulae
The methods for measuring eGFR included: Cr-based 
eGFR (eGFRCG and eGFRMDRD), and CysC-based eG-
FRs (eGFRCysC-1 and eGFRCysC-2). These methods were 
compared between patients with or without AKI devel-
opment (Figure 3). The four baseline eGFRs were not 
significantly different in patients without AKI (Figure 
3A). In patients with AKI, baseline eGFRCysC-1 when us-
ing the Hoek formula was 40.8 ± 9.7 mL/min, while the 
eGFRCysC-2 from the Chronic Kidney Disease Epidemiol-
ogy Collaboration equation was 40.3 ± 10.5 mL/min, 
which indicated a similar eGFR value using the two 
formulae. These two baseline eGFRCysC were significantly 
lower than eGFRCG (80.8 ± 19.6 mL/min, P < 0.01) 
and eGFRMDRD (79.8 ± 14.3 mL/min, P < 0.01) in pa-
tients with AKI (Figure 3A). The baseline eGFRCysC-1 and 

eGFRCysC-2 were significantly decreased in patients with 
AKI compared with those without AKI (P < 0.001). The 
baseline eGFRCG and eGFRMDRD were similar between pa-
tients with or without AKI. When AKI was diagnosed in 
ACLF patients, the eGFRCG, eGFRMDRD, eGFRCysC-1 and 
eGFRCysC-2 were 29 ± 3.3, 30.5 ± 5.1, 34.2 ± 5.7 and 33.3 
± 5.2 mL/min, respectively, suggesting no significant 
differences in the four eGFRs (Figure 3B). The results 
indicated that either Cr or CysC-based eGFRs reflected 
severe renal dysfunction when AKI occurred in ACLF 
patients. However, baseline eGFRCysC represented renal 
function of  ACLF patients early during mild-to-moderate 
renal dysfunction, while the Cr levels were still within the 
normal ranges.

DISCUSSION
Patients with ACLF have immunological defects that are 
comparable to those in patients with sepsis. The clinical 
picture of  both ACLF and septic shock is strikingly simi-
lar, and characterized by progressive vasodilatory shock 
and multiple organ failure[27]. Inflammation and oxidative 
stress also induce production of  NO, which mediates 
the circulatory and renal disturbances of  liver failure[28]. 
Recent reports from the European Association for the 
Study of  the Liver (EASL) showed that the kidney failure 

teristics of  patients with or without AKI are summarized 
in Table 2. Univariate analysis showed that patients who 
developed AKI were older (55 ± 7 years vs 41 ± 9 years, 
P < 0.001) and had a higher level of  CysC (1.8 ± 0.4 
mg/L vs 0.9 ± 0.3 mg/L, P < 0.001). The indicators (age, 
sodium, MELD score and CysC) which had P < 0.1 for 
patients with or without AKI were included in multivari-
ate regression analysis. The results revealed that CysC 
level was the only independent predictive factor for the 
development of  AKI in ACLF patients [odds ratio (OR) 
= 1.8; 95%CI: 1.4-2.3, P = 0.021].

ROC curve analysis was performed to compare the 
efficacy of  CysC, Cr, BUN and serum sodium levels in 
predicting development of  AKI during hospitalization 
(Figure 2). As shown in Table 3, the area under the curve 
(AUC) for CysC, Cr, BUN and serum sodium levels was 
0.975, 0.526, 0.674 and 0.687, respectively. The results 
indicated that the AUC for CysC level had a better pre-
dictive value for development of  AKI in ACLF patients 
(P < 0.01, DeLong’s method for ROC curve comparison) 
in comparison with Cr, BUN and serum sodium. With 
an optimal cutoff  value of  1.21 mg/L, the sensitivity and 
specificity of  CysC for predicting the development of  
AKI were 100% and 87.5%, respectively (P < 0.0001). 

Table 2  Comparison of baseline clinical characteristics in patients with or without acute kidney injury during hospitalization

Parameter Without AKI (n  = 48) With AKI (n  = 8) P  (univariate) P  (multivariate) OR (95%CI)

Age (yr)   41 ± 9   55 ± 7 < 0.001
Alanine aminotransferase (IU/L)     156 ± 158     62 ± 40    0.202
Albumin (g/L)   30.1 ± 5.1   30.2 ± 2.1    0.965
BUN (mmol/L)     4.2 ± 2.0     5.7 ± 1.1    0.065
Sodium (mEq/L) 135.3 ± 4.2 132.1 ± 3.8    0.064
Total bilirubin (mg/dL)   19.8 ± 5.6   21.3 ± 4.9    0.506
Cr (mg/dL)     0.9 ± 0.1     1.0 ± 0.2    0.792
International normalized ratio     1.9 ± 0.4     2.0 ± 0.3    0.367
MELD score   24 ± 3   26 ± 2    0.094
CysC (mg/L)     0.9 ± 0.3     1.8 ± 0.4 < 0.001 0.021 1.8 (1.4–2.3)

AKI: Acute kidney injury; BUN: Blood urea nitrogen; Cr: Creatinine; CysC: Serum cystatin C; MELD: Model for end-stage liver disease. 
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Figure 2  Receiver operating characteristic curve. Receiver operating 
characteristic curve analysis was performed to compare the efficacy of serum 
cystatin C, creatinine, blood urea nitrogen (BUN) and serum sodium level in 
predicting acute kidney injury. 
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was clearly a risk factor for mortality in ACLF patients[6]. 
The progression of  renal dysfunction in the presence 

of  liver failure may be insidious and rapid or it may pres-
ent as a mild or severe disturbance. Serum Cr is an easily 
measurable and widely used marker of  renal function. 
However, Cr is an insensitive marker of  kidney injury, 
and is usually maintained within the normal range until 
renal function is severely impaired, as in patients with cir-
rhosis and liver failure[29]. Several studies have reported 
that CysC is more useful for the assessment of  renal 
function in patients with cirrhosis[14,19,20]. Assessment of  
CysC levels could be valuable in the early detection of  re-
nal dysfunction because they increase faster, as the GFR 
decreases, than do Cr levels[30]. However, data concerning 
CysC levels in ACLF patients are unavailable. All of  the 
patients in the ACLF group had normal serum Cr level, 
with an average of  0.9 ± 0.1 mg/dL. Meanwhile, the 
average level of  serum CysC was significantly higher in 
ACLF patients in comparison with healthy controls and 
CHB patients. Our results suggest that mild-to-moderate 
renal dysfunction may occur in ACLF patients who have 
a normal Cr level. 

Patients with ACLF may have renal dysfunction other 
than HRS, due to the underlying circulatory abnormalities 
and sepsis[4,27,28]. Recently, the term AKI was proposed 
by AKIN, which may accurately represent the entire 
spectrum of  acute renal dysfunction in ACLF patients. 

In our study, eight out of  56 ACLF patients (14.3%) de-
veloped AKI during hospitalization. Our results showed 
that CysC levels were significantly higher in patients who 
developed AKI during hospitalization. Our findings in-
dicated that CysC could be used for the early detection 
of  renal dysfunction in patients with ACLF before any 
increase in serum Cr levels is detected. Our multivariate 
analysis showed that age, Cr, sodium, and MELD score 
were not useful for predicting the development of  AKI. 
The only independent predictive factor for AKI was 
CysC (OR = 1.8), which suggested that CysC represented 
renal function status more accurately in ACLF patients 
than did Cr. The results also indicated that CysC level 
might have accurately and rapidly reflected abnormalities 
in the renal handling of  sodium and solute-free water be-
fore reduction in serum sodium level was detected. The 
diagnostic cutoff  value of  CysC for AKI prediction was 
1.21 mg/L, which was different from that in cirrhosis pa-
tients reported previously[19,20]. 

It has been suggested that a Cr-based assessment of  
eGFR will overestimate the renal function in nonazo-
temic patients with cirrhosis and with moderate renal 
dysfunction (GFR < 60 mL/min)[31-33]. Two Cr-based and 
two CysC-based eGFR values were calculated in ACLF 
patients. The baseline Cr-based eGFR was similar in 
patients with or without AKI; however, baseline CysC-
based eGFR was significantly lower in patients with AKI. 

Table 3  Area under the curve for receiver operating characteristics and cutoff values for predicting acute kidney injury in acute-on-
chronic liver failure patients

Parameter Cutoff value AUC (95%CI) Sensitivity Specificity P  value

CysC (mg/L)           1.21 0.974 (0.846-1.000)      100% 87.5% < 0.0001
Cr (mg/dL)         1.1 0.526 (0.343-0.704)      37.5% 91.7%   0.828
BUN (mmol/L)        4.9 0.674 (0.487-0.829)      62.5% 79.2%   0.124
Serum sodium (mEq/L) 131 0.687 (0.500-0.839)         50% 87.5%   0.113

BUN: Blood urea nitrogen; Cr: Creatinine; CysC: Serum cystatin C; AUC: Area under the curve.
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The results indicated that CysC-based eGFR was better 
in assessing kidney dysfunction in ACLF patients with 
a normal Cr level. In ACLF patients with an established 
diagnosis of  AKI, both Cr-based and CysC-based eGFR 
were decreased to the same level, suggesting that these 
eGFR calculations were accurate in the case of  severe 
renal dysfunction. Direct measurement of  GFR using 
exogenous markers [Tc-99m diethylene-triamine-penta-
acetic acid (DTPA) or inulin clearance] remains the 
standard for assessment of  renal function[34,35]. Unfortu-
nately, direct GFR assessment was not performed in our 
study because of  the disease severity in ACLF patients. 
Demirtas et al[33] showed a correlation between CysC and 
99mTc-DTPA clearance (r = -0.522, P = 0.006). They 
suggested that CysC assay, which has good analytical per-
formance, could measure eGFR in patients with cirrhosis. 
That previous study, as well as our present study, suggests 
that CysC assay could replace Cr measurement for GFR 
assessment in patients with cirrhosis or ACLF.

In conclusion, CysC can be used as an early bio-
marker for the detection of  renal dysfunction in patients 
with ACLF before any increase in the serum Cr levels can 
be detected. CysC-based eGFR calculation is more early 
represented renal function in ACLF patients during the 
period of  mild-to-moderate renal dysfunction. The num-
ber size of  patients for AKI development was small in 
this retrospective study. A prospective, large cohort study 
is ongoing in our research center to resolve this issue.
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Abstract
AIM: To evaluate human gastric submucosal vascular 
dysfunction and its mechanism during the aging pro-
cess.

METHODS: Twenty male patients undergoing subtotal 
gastrectomy were enrolled in this study. Young and el-
derly patient groups aged 25-40 years and 60-85 years, 
respectively, were included. Inclusion criteria were: no 
clinical evidence of cardiovascular, renal or diabetic dis-
eases. Conventional clinical examinations were carried 
out. After surgery, gastric submucosal arteries were 
immediately dissected free of fat and connective tissue. 
Vascular responses to acetylcholine (ACh) and sodium 
nitroprusside (SNP) were measured by isolated vascular 

perfusion. Morphological changes in the gastric muco-
sal vessels were observed by hematoxylin and eosin 
(HE) staining and Verhoeff van Gieson (EVG) staining. 
The expression of xanthine oxidase (XO) and manga-
nese-superoxide dismutase (Mn-SOD) was assessed by 
Western blotting analysis. The malondialdehyde (MDA) 
and hydrogen peroxide (H2O2) content and the activi-
ties of superoxide dismutase (SOD) and glutathione 
peroxidase (GSH-Px) were determined according to 
commercial kits.

RESULTS: The overall structure of vessel walls was 
shown by HE and EVG staining, respectively. Disruption 
of the internal elastic lamina or neointimal layers was 
not observed in vessels from young or elderly patients; 
however, cell layer number in the vessel wall increased 
significantly in the elderly group. Compared with sub-
mucosal arteries in young patients, the amount of 
vascular collagen fibers, lumen diameter and media 
cross-sectional area were significantly increased in el-
derly patients. Ach- and SNP-induced vasodilatation in 
elderly arterioles was significantly decreased compared 
with that of gastric submucosal arterioles from young 
patients. Compared with the young group, the expres-
sion of XO and the contents of MDA and H2O2 in gastric 
submucosal arterioles were increased in the elderly 
group. In addition, the expression of Mn-SOD and the 
activities of SOD and GSH-Px in the elderly group de-
creased significantly compared with those in the young 
group.

CONCLUSION: Gastric vascular dysfunction and senes-
cence may be associated with increased oxidative stress 
and decreased antioxidative defense in the aging pro-
cess.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Aging is usually accompanied by a high risk 
of gastric disease. It is currently thought that adequate 
mucosal blood flow plays an important role in maintain-
ing mucosal integrity. This study showed that oxidative 
stress induces gastric submucosal vascular structure 
dysfunction during the aging process. Vascular aging of 
gastric mucosa may lead to blood supply insufficiency, 
and thus increase the incidence of gastric diseases.
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Oxidative stress induces gastric submucosal arteriolar dysfunction 
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INTRODUCTION
Although it is difficult to define the term “aging” in 
medical fields, it usually means the progressive accumula-
tion of  irreversible degenerative changes leading to loss 
of  homeostasis. It is thought that there is also a modest 
decline in the structure and function of  several digestive 
organs. 

The most common stomach diseases in elderly indi-
viduals are atrophic gastritis and peptic ulcer disease[1]. 
The former is significantly associated with Helicobacter py-
lori infection and reduced acid secretion[2]. Hyposecretion 
of  gastric acid reduces the absorption of  vitamin B12, 
iron and calcium, and these deficits can lead to megalo-
blastic or iron-deficiency anemia and a higher frequency 
of  osteoporosis[3]. Peptic ulcers in older patients are often 
caused by the use or overuse of  nonsteroidal anti-inflam-
matory drugs[4]. 

It is currently thought that an adequate mucosal blood 
flow plays an important role in maintaining mucosal 
integrity. The blood supplies oxygen, nutrients and gas-
trointestinal hormones to support the correct structure, 
function and turnover of  gastric mucosa. Blood flow is 
also important in the production and secretion of  mucus 
and helps to maintain the mucosal barrier. In addition, 
the blood circulating in the surface mucosa removes 
waste materials and back-diffusing hydrogen ions and 
maintains the secretion of  bicarbonate ions, protecting 
the mucosa by maintaining the neutral status of  regional 
mucosa[5]. Numerous experimental studies have dem-
onstrated the importance of  mucosal blood flow in the 
defense of  gastric mucosa against injury[6-13].

The structure and function of  gastric blood vessels 
are important for determining blood flow, which plays an 
important role in maintaining mucosal integrity. There is 
considerable evidence showing that vascular aging is as-
sociated with an increased production of  reactive oxygen 
species (ROS)[14]. There is a balance between the genera-
tion and elimination of  ROS in vessels[15]. If  the balance 
is destroyed, excess ROS will be produced, resulting in 

cellular dysfunction and vascular aging[16,17]. In the pres-
ent study, human gastric submucosal arterioles from 
subtotal gastrectomy specimens were used to determine 
the relationship between gastric vascular dysfunction and 
oxidative stress, and to further explain the reason for the 
higher risk of  gastric diseases in the elderly. 

MATERIALS AND METHODS
Drugs and reagents 
Acetylcholine (ACh) and sodium nitroprusside (SNP) 
were purchased from Sigma (St. Louis, MO, United 
States). The kits for assessing lipid oxidation injury 
including superoxide dismutase (SOD), glutathione 
peroxidase (GSH-Px), hydrogen peroxide (H2O2) and 
malondialdehyde (MDA) were purchased from Nanjing 
Jiancheng Bioengineering Institute (Jiangsu Province, 
China). Polyclonal antibodies for xanthine oxidase (XO), 
manganese-superoxide dismutase (Mn-SOD) and the 
alkaline phosphorylase tagged goat anti-rabbit IgG an-
tibody were purchased from Santa Cruz Biotechnology 
(CA, United States). The 5-bromo-4-chloro-3-indolyl 
phosphate/nitrotetrazolium blue chloride (BCIP/NBT) 
kit was purchased from Promega (Madison, WI, United 
States). 

Harvesting of samples
The study was approved by the Ethics Committee of  
Xuzhou Medical College. Twenty male patients undergo-
ing subtotal gastrectomy for gastric cancer in the Affili-
ated Hospital of  Xuzhou Medical College were enrolled 
in this study. Patients with diabetes, hypertension or 
other cardiovascular diseases were excluded. All enrolled 
patients underwent conventional clinical examinations, 
including fasting blood glucose, total cholesterol, triglyc-
erides and blood pressure, which were all found within 
normal ranges for clinic. 

The patients were divided into two groups accord-
ing to age: 10 patients aged 25-40 years were included 
in the young group and 10 patients aged 60-85 years 
were included in the elderly group. Gastric tissues, which 
were confirmed by pathology to be normal tissue, were 
obtained a distance from the cancer tissue and were un-
damaged due to surgical instruments. Gastric submucosal 
arterioles were immediately dissected free of  fat and con-
nective tissue in order to measure vascular function and 
changes in biochemistry and molecular biology.

Conventional clinical examinations in enrolled patients
Body mass index was calculated using body weight in 
kilograms divided by the square of  the height in meters 
(kg/m2). Fasting plasma total cholesterol, triglyceride 
concentration, systolic blood pressure, diastolic blood 
pressure and fasting plasma glucose concentration were 
measured. Arterial blood pressure was measured over the 
brachial artery during supine rest using a semiautomatic 
device (Dynamap XL, Johnson and Johnson). Fasting 
plasma metabolic parameters and oxidized low-density 
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lipoprotein were determined by standard assays. Plasma 
samples were also analyzed for oxidized low-density lipo-
protein[18]. 

Histological staining
After surgery, sections of  arteries were placed in phos-
phate buffered formaldehyde (4%) overnight, then stored 
in ethanol and embedded in paraffin. Cross sections (4 
μm) were stained with hematoxylin and eosin (HE) stain-
ing and Verhoeff  van Gieson (EVG) staining.

Arteriolar response to acetylcholine and sodium 
nitroprusside
Similar to our previous study[19], gastric submucosal 
arterioles, approximately 200 μm in maximal diameter 
and approximately 10 mm in length, were isolated and 
cannulated in a water-jacketed (37 ℃) perfusion device, 
intravascular pressure was maintained at 80 mmHg, and 
the changes in vascular diameter were recorded using a 
video monitor system. Dilations due to ACh (10-7 to 10-5 
mol/L) and SNP (10-7 to 10-5 mol/L) were assessed in the 
arterioles from the young and elderly groups. Vasodilata-
tion responses were expressed as the percentage of  basal 
diameter at 80 mmHg.

ROS determination
Gastric arteries were isolated and crushed with liquid 
nitrogen and a homogenate was prepared. The homog-
enate was centrifuged, and the supernatant was used for 
biochemical analyses. The protein concentration in the 
supernatant was determined by the bicinchoninic acid as-
say (BCA assay, Nanjing Jiancheng Bioengineering Insti-
tute).

The MDA concentration in the homogenate was 
determined using a commercially available kit (Nanjing Ji-
ancheng Bioengineering Institute, Nanjing, China) based 
on thiobarbituric acid (TBA) reactivity. Briefly, after mix-
ing trichloroacetic acid with the homogenate and centri-
fuging, a supernatant was obtained, and TBA was added. 
The developed red color of  the resulting reaction was 
measured at 532 nm with a spectrophotometer. Other 
procedures were carried out following the manufacturer’s 
protocols.

The content of  H2O2 in gastric submucosal arteries 
was assessed using a commercially available kit (Nanjing 
Jiancheng Bioengineering Institute). H2O2 bound with 
molybdenic acid to form a complex, which was measured 
at 405 nm and the content of  H2O2 was then calculated.

Antioxidant activity assay
SOD activity in gastric submucosal arteries was assessed 
using a commercially available kit (Nanjing Jiancheng 
Bioengineering Institute) based on the auto-oxidation of  
hydroxylamine. The developed blue color was measured 
at 550 nm.

GSH-Px activity was determined by the velocity meth-
od using a GSH-Px kit (Nanjing Jiancheng Bioengineering 
Institute). The reaction was initiated by the addition of  
H2O2. A series of  enzymatic reactions was activated by 

GSH-Px in the homogenate which subsequently led to 
the conversion of  GSH (reduced glutathione) to oxidized 
glutathione (GSSG). The change in absorbance during the 
conversion of  GSH to GSSG was recorded spectropho-
tometrically at 412 nm.

Western blotting analysis
Gastric submucosal arteries from young and elderly pa-
tients were isolated and pooled in liquid nitrogen, respec-
tively. Samples were solubilized in lysis buffer containing 
1% protease inhibitor cocktail (Sigma) in ice for 30 min, 
followed by sonication for 1 min which was carried out 
twice at a 5-min interval. The supernatants were collected 
after centrifugation at 10000 × g for 15 min at 4 ℃. Pro-
tein concentrations were determined using the BCA pro-
tein assay kit. Samples (50 μg protein) were separated on 
10% SDS-PAGE gels and transferred to a polyvinylidene 
fluoride membrane. The blots were incubated with 5% 
bovine serum albumin in TBST (10 mmol/L Tris, pH 7.5; 
150 mmol/L NaCl, 0.05% Tween-20) at room tempera-
ture for 2 h, then incubated with primary antibodies (anti-
Mn-SOD, polyclonal antibody 1:500, anti-XO polyclonal 
antibody 1:500) at 4 ℃ overnight. After washing with 
TBST, the blots were incubated with secondary antibody 
for 2 h and were determined using a BCIP/NBT assay 
kit. β-actin was used to normalize loading variations. 

Statistical analysis
Data were expressed as mean ± SE. Comparisons be-
tween two groups were made using the Student’s t test. 
Statistical analyses were performed using SPSS for Win-
dows version 13.0. P < 0.05 was considered statistically 
significant.

RESULTS
Conventional clinical examinations in enrolled patients
Patients with diabetes, hypertension or other cardiovas-
cular diseases which could affect the structure and func-
tion of  vessels were excluded from the study. The results 
of  conventional clinical examinations in the young and 
elderly patients are shown in Table 1. Fasting plasma total 
cholesterol, triglyceride concentrations, fasting plasma 
glucose concentrations, systolic blood pressure, diastolic 
blood pressure and mean arterial pressure were higher in 
the elderly group compared with the young group (P < 
0.05). However, these values were within normal ranges 
for clinic. There were no differences in body mass index 
between the two groups.

Changes in morphology of gastric submucosal arteries
The overall structure of  vessel walls was examined by 
HE and EVG staining, respectively (Figure 1). Disrup-
tion of  the internal elastic lamina or neointimal layers was 
not observed in young or aged vessels; however, the cell 
layer number in the vessel walls increased significantly in 
the elderly group (Figure 1A and B). Compared with sub-
mucosal arteries in young patients, the amount of  vascular 
collagen fibers, lumen diameter and media cross-sectional 

9441 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

Liu L et al . Gastric submucosal vascular dysfunction in elderly



9442 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

process and increasing the incidence of  disease in hu-
mans. In this study, we demonstrated a marked deteriora-
tion in the structure and function of  gastric blood vessels 
during aging. The underlying mechanisms may be associ-
ated with increased oxidative stress and decreased anti-
oxidative defense, which induce an imbalance in oxidative 
stress during the aging process, thus accelerating vascular 
dysfunction and senescence in the elderly. 

Aging is considered the leading cause of  morbidity 
and mortality worldwide, and the proportion of  elderly 
people is steadily growing[20]. With increasing age, the vas-
culature undergoes functional and structural impairment. 
Vascular changes during aging are manifested in various 
ways in many experimental animals; the most obvious 
changes noted are thickening of  less compliant vessel 
walls[21]. In the present study, we evaluated the walls of  
gastric submucosal arteries from elderly patients, which 
were much thicker than the arteries from young patients. 
In addition, the collagen content was increased in aged 
gastric submucosal arteries (Figure 1). Aging can radically 
transform the endothelial layers lining the vessel wall in 
response to shear and stretch stress[22], and prompt them 
to thicken, as observed in many vascular models[23,24]. The 
changes in gastric submucosal arteries may be due to the 
recruitment of  vascular smooth muscle cells for increased 
synthesis of  interstitial, extra-cellular matrix proteins[25,26].

As expected, endothelium-dependent and -indepen-
dent dilation were significantly attenuated in aged gastric 
submucosal arterioles compared with arterioles from 
young patients (Figure 2). Endothelial cell dysfunction 
has been observed in the elderly[27], and the production 
of  endothelium-derived vasodilator substances is de-
creased[28,29]. In the present study, ACh-induced dilation 
of  the gastric submucosal arteries from elderly patients 
was reduced, which was related to endothelial dysfunc-
tion during the aging process. Endothelium-independent 
dilation was also detected. SNP (a NO donor) induced 
dilation in the arterioles of  elderly patients was reduced 
compared with that in arterioles from young patients. 
This change may be due to the thick vessel walls and in-
creased collagen content. The changes in gastric submu-
cosal vascular structure and function may lead to gastric 
blood supply insufficiency in the elderly. 

Adequate mucosal blood flow plays an important role 
in maintaining mucosal integrity. Decreased gastric blood 
flow causes acute gastric mucosal lesions in animals and 
humans[9]. Gastric blood flow is important in the develop-
ment of  gastric ulceration and healing. Furthermore, the 
speed of  ulcer healing is affected by the speed of  blood 
flow at the ulcer edge[30]. Our group has recently shown 
that aspirin-induced injury of  gastric mucous membrane 
was inhibited by increasing gastric mucosal blood flow[31]. 
The changes in gastric submucosal vascular structure and 
function which induced blood supply insufficiency may 
be one of  the most important reasons for the higher inci-
dence of  gastric diseases in elderly subjects.

The mechanism involved in these changes in vascular 
structure and function in the elderly was also investigated 

area were significantly increased in the elderly group (Fig-
ure 1C and D). 

Ach- and SNP-induced arteriolar response
ACh (10-7, 10-6, and 10-5 mol/L)- and SNP (10-7, 10-6, 
and 10-5 mol/L)-induced dilations were compared in 
gastric submucosal arterioles. Basal diameter and pas-
sive diameter at 80 mmHg of  intravascular pressure in 
the arterioles from young and elderly patients were 142.8 
± 3.6 and 144.8 ± 2.8 μm, and 192.8 ± 4.1 and 189.0 ± 
2.27 μm, respectively. As shown in Figure 2, dilation due 
to ACh, which stimulates NO synthesis and release from 
endothelium, was greatly reduced in the vessels from the 
elderly group compared with the young group (P < 0.05). 
Endothelium-independent vasodilatation was determined 
using SNP (a NO donor). Dilation due to SNP was also 
reduced in the vessels from the elderly group (P < 0.05), 
but the magnitude of  this reduction was less. 

Changes in MDA, H2O2, SOD and GSH-Px in gastric 
submucosal arteries 
To determine whether oxidative stress participates in the 
aging process, we measured the contents of  MDA and 
H2O2 and the activities of  GSH-Px and SOD in gastric 
submucosal arteries, these are key markers of  oxidative 
stress. Compared with the young group, there was a sig-
nificant increase in MDA and H2O2 content (P < 0.05), 
and a decrease in SOD and GSH-Px activities (P < 0.05) 
in the elderly group (Figure 3).

Changes in XO and SOD protein expression in gastric 
submucosal arteries 
Gastric submucosal arteries were isolated and the expres-
sion of  XO and Mn-SOD was assessed. Figure 4 shows 
a representative Western blotting of  XO and Mn-SOD in 
arteries. The XO protein was significantly increased (Fig-
ure 4A), whereas the expression of  Mn-SOD (Figure 4B) 
was significantly reduced in the elderly group compared 
with the young group (P < 0.05).

DISCUSSION
Vascular aging is a key factor in accelerating the aging 

Table 1  Clinical characteristics of young and elderly patients 
with isolated gastric submucosal arteries

Young group Elderly group

No. of patients 10 10
Age, yr 34.2 ± 4  71.6 ± 7a

Body mass index, kg/m2    21.5 ± 2.6 20.5 ± 3
Fasting blood glucose, mmol/L      4.2 ± 0.7       5.4 ± 0.6a

Total cholesterol, mmol/L    3.87 ± 0.3       4.89 ± 0.17a

Triglycerides, mmol/L      1.03 ± 0.01       1.23 ± 0.11a

Systolic blood pressure, mmHg  112.2 ± 9.6   126.8 ± 8.6a

Diastolic blood pressure, mmHg    67.7 ± 3.7     77.9 ± 5.5a

Mean arterial pressure, mmHg    82.53 ± 2.98       94.2 ± 5.05a

Data are mean ± SE. aP < 0.05 vs young group. 
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in the present study. MDA is a marker of  free radical spe-
cies-related injury, H2O2 is the main reactive oxygen spe-
cies produced, and these are by-products of  mitochon-
drial respiration. In our experiments, MDA and H2O2 
were significantly increased in aged arteries compared to 
arteries from young patients. Age-related increases in oxi-
dative stress may result in changes in vascular structure 
and function in aged gastric submucosal arteries.

Oxidative stress is associated with increased produc-
tion of  oxidizing species or a significant decrease in 
antioxidant defense capability[32]. XO is an important 

potential source of  superoxide generation, it catalyzes the 
conversion reactions of  hypoxanthine to xanthine and 
xanthine to uric acid, the last reaction in purine catabo-
lism, with the byproduct of  toxic superoxide radical[33]. 
XO protein levels in gastric submucosal arteries were sig-
nificantly higher in elderly patients than in young patients. 
Increased expression of  oxidases is the main source of  
reactive oxygen species in humans[34]. 

SOD, a major antioxidant enzyme, contributes to the 
destruction of  free superoxide radicals and other reactive 
oxygen species, and blocks free radical-induced damage 

DC

BA

Figure 1  Changes in vascular structure of gastric submucosal arteries isolated from young and elderly patients shown by hematoxylin and eosin and Ver-
hoeff van Gieson staining. A: Young, hematoxylin and eosin (HE); B: Elderly, HE; C: Young, Verhoeff van Gieson (EVG); D: Elderly, EVG. Images were obtained at × 
400, Bar 50 μm. 
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in the body[35,36]. There are three isoforms of  SOD, cyto-
solic SOD or copper zinc SOD (CuZn-SOD or SOD-1), 

mitochondrial SOD or manganese SOD (Mn-SOD or 
SOD-2), and extracellular CuZn-SOD (EC-SOD or 

Figure 3  Changes in malondialdehyde (A) and hydrogen peroxide (B) and the activities of superoxide dismutase (C) and glutathione peroxidase (D) in 
gastric submucosal arteries isolated from young and elderly patients. Data are mean ± SE, n = 10. aP < 0.05 vs young group. MDA: Malondialdehyde; H2O2: Hy-
drogen peroxide; SOD: Superoxide dismutase; GSH-Px: Glutathione peroxidase.
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SOD-3). Mn-SOD, which is found in mitochondria, plays 
an important role in the maintenance of  vascular func-
tion. Previous animal studies found that the antioxidant 
enzyme content was decreased, while the expression of  
oxidative enzymes was significantly increased with ag-
ing[37]. The Mn-SOD protein level (Figure 4B) and SOD 
activity (Figure 3C) were significantly decreased in this 
study, which was consistent with previously reported 
findings.

GSH-Px is a free radical scavenging enzyme similar 
to SOD, which converts H2O2 to water independently[38]. 

In the present study, GSH-Px and total SOD were sig-
nificantly lower in the elderly group compared with the 
young group. These results suggest that elderly patients 
have a higher risk of  oxidative stress than younger pa-
tients and consequently greater vulnerability for chronic 
disease in old age. The decreased expression and activity 
of  antioxidant enzymes will accelerate oxidative stress 
damage in aging vessels.

In summary, we demonstrated that oxidative stress 
and a decreased antioxidative defense induce vascular 
aging and enhance vascular dysfunction. Vascular aging 
of  gastric mucosa may lead to blood supply insufficiency 
and an increased incidence of  gastric diseases. This re-
search has provided theoretical evidence suggesting that a 
decrease in oxidative stress during the aging process and 
improvement in the function of  gastric submucosal ves-
sels may be beneficial in the treatment of  gastric disease 
in the elderly.
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Abstract
AIM: To evaluate the efficacy and toxicity of nedaplat-
in (NDP) concurrent with radiotherapy in the treatment 
of locally advanced esophageal carcinoma. 

METHODS: Sixty-eight patients with locally advanced 
esophageal carcinoma were randomized into either a 
NDP group (n  = 34) or a cisplatin (DDP) group (n  = 
34). The NDP group received NDP 80-100 mg/m2 iv  
on day 1 + leucovorin (CF) 100 mg/m2 iv  on days 1-5 
+ 5-fluorouracil (5-FU) 500 mg/m2 iv  on days 1-5. The 
DDP group received DDP 30 mg/m2 iv  on days 1-3 + 
CF 100 mg/m2 on days 1-5 + 5-FU 500 mg/m2 iv  on 
days 1-5. The treatment was repeated every 4 wk in 
both groups. Concurrent radiotherapy [60-66 Gy/(30-33 
f)/(6-7 wk)] was given during chemotherapy. 

RESULTS: There was no significant difference in the 
short-term response rate between the NDP group and 

DDP group (90.9% vs  81.3%, P  = 0.528). Although 
the 1- and 2-year survival rates were higher in the 
NDP group than in the DDP group (75.8% vs  68.8%, 
57.6% vs  50.0%), the difference in the overall survival 
rate was not statistically significant between the two 
groups (P  = 0.540). The incidences of nausea, vomit-
ing and nephrotoxicity were significantly lower in the 
NDP group than in the DDP group (17.6% vs  50.0%, P  
= 0.031; 11.8% vs  47.1%, P  = 0.016; 8.8% vs  38.2%, 
P  = 0.039). There was no significant difference in 
the incidence of myelosuppression, radiation-induced 
esophagitis or radiation-induced pneumonia between 
the two groups. 

CONCLUSION: NDP-based concurrent chemoradio-
therapy is effective and well-tolerated in patients with 
locally advanced esophageal carcinoma. NDP-based 
regimen has comparable efficacy to DDP-based regi-
men but is associated with lower incidences of gastro-
intestinal and renal toxicity. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: This paper describes patients with locally 
advanced esophageal carcinoma who underwent neda-
platin (NDP) concurrent with radiotherapy. The survival 
and local control as well as the side effects during 
follow-up were analyzed by comparing with cisplatin 
(DDP). We found that NDP-based concurrent chemo-
radiotherapy is effective and well-tolerated. Compared 
with DDP, NDP-based concurrent chemoradiotherapy 
exhibits favorable efficacy with lower toxicity. 

Shen ZT, Wu XH, Li B, Shen JS, Wang Z, Li J, Zhu XX. Neda-
platin concurrent with three-dimensional conformal radiotherapy 

BRIEF ARTICLE

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v19.i48.9447

World J Gastroenterol  2013 December 28; 19(48): 9447-9452
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.



for treatment of locally advanced esophageal carcinoma. World 
J Gastroenterol 2013; 19(48): 9447-9452  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i48/9447.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i48.9447

INTRODUCTION
Radiotherapy is one of  the main treatments for esopha-
geal carcinoma, especially for patients with locally ad-
vanced esophageal cancer who have no indications for 
surgery. However, the 5-year survival rate for patients 
with non-early esophageal carcinoma after radiotherapy 
alone is only 8% to 17%[1]. Approximately 70%-80% of  
cases of  radiotherapy failure are due to uncontrolled or 
recurrent localized disease. Chemotherapy given concur-
rently with radiotherapy can improve the efficacy of  ra-
diotherapy in esophageal carcinoma. Concurrent chemo-
radiotherapy has been recommended as the standard 
treatment for locally advanced esophageal carcinoma 
in some countries, and conventional fractionated radio-
therapy plus cisplatin (DDP) and 5-fluorouracil (5-FU) 
has been advocated as a standard regimen for this malig-
nancy[2,3]. However, the risk of  gastrointestinal and renal 
toxicity associated with DDP-based PF regimen (DDP + 
5-FU) limits its use. In the present study, we designed a 
randomized controlled phase Ⅱ trial to compare the ef-
ficacy, acute adverse reactions and late toxicity of  three-
dimensional conformal radiotherapy plus nedaplatin 
(NDP) and 5-FU versus plus the PF regimen in the treat-
ment of  locally advanced esophageal carcinoma, with an 
aim to find a regimen that has fewer adverse reactions 
and better efficacy than the PF regimen.

MATERIALS AND METHODS
Test drug
NDP injection (trade name, Jiebaishu, 10 mL) was pro-
vided by Simcere Pharmaceutical (Nanjing, China).

Subjects
Sixty-eight patients who were pathologically proven to 
have locally advanced esophageal squamous cell carcino-
ma by gastroesophagoscopy from March 2007 to Septem-
ber 2009 in Department of  Radiation Oncology of  the 
Nanjing General Hospital of  Nanjing Military Region and 
had evaluable tumor lesions were included in the study. 
There were 38 males and 30 females, and their median 
age was 54 years (range, 26 to 72 years). According to the 
1997 Union for International Cancer Control  esophageal 
cancer staging system, 29 patients had stage Ⅱ disease and 
39 had stage Ⅲ disease. The patients were randomly di-
vided into either a NDP group (n = 34) or a DDP group 
(n = 34) to receive NDP + leucovorin (CF) + 5-FU and 
DDP + CF + 5-FU, respectively. In the NDP group, 14 
patients had stage Ⅱ disease and 20 had stage Ⅲ disease. 
In the DDP group, 15 patients had stage Ⅱ disease and 
19 had stage Ⅲ disease. The average age of  patients in the 

NDP and DDP groups was 55 and 53 years old, and the 
median age was 54 and 53 years old, respectively. Clinical 
data for patients in both groups are shown in Table 1.

Inclusion criteria are (1) previously untreated, histologi-
cally or pathologically proven locally advanced esophageal 
carcinoma, with at least one measurable lesion (≥ 2 cm); (2) 
Eastern Cooperative Oncology Group performance status 
score ≤ 2; (3) expected survival for three months or more; 
(4) age between 26 and 72 years; (5) basically normal heart, 
lung, liver, kidney functions; (6) no previous thoracic radio-
therapy or chemotherapy, and no significant chemotherapy 
contraindications; (7) no other malignancy; or (8) willing to 
provide signed informed consent.

Exclusion criteria included (1) participation in other 
drug trial or receiving anti-tumor therapy within 4 wk; (2) 
other serious complications that made the patient not to 
fit to the study; (3) pregnant or lactating women; and (5) 
allergy to the test drug.

Withdrawal criteria included (1) serious adverse reac-
tions during treatment, such as life-threatening bleeding 
due to thrombocytopenia, life-threatening infections for 
leukopenia, and grade Ⅲ or more liver and kidney ad-
verse reactions; (2) not being able to complete the treat-
ment; (3) not willing to continue the trial; or (4) disease 
progression during treatment.

Treatments
The NDP group received NDP 80-100 mg/m2 iv on day 
1 + CF 100 mg/m2 iv on days 1-5 + 5-FU 500 mg/m2 iv 
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Table 1  Clinical data for patients in the nedaplatin group and 
the cisplatin group

NDP group DDP group χ 2 P  value

Case 34 34
Gender
   Male 18 20 0.239 0.625
   Female 16 14
Age
   Range 27-72 26-70
   Median 54 53
Clinical stage (Union for International Cancer Control )
   Ⅱa   4   6 0.478 0.787
   Ⅱb 10   9
   Ⅲ 20 19
Tumor length
   < 5 cm 14 17 0.534 0.465
   ≥ 5 cm 20 17
   Cervical 5   3
Location in the esophagus
   Upper 12 15 1.130 0.770
   Middle 14 12
   Lower   3   4
   Medullary 20 22
   Fungoid   6   5
Pathology
   Ulcer type   5   5 0.386 0.943
   Sclerotic type   3   2
General status (Eastern Cooperative Oncology Group score)
   0-1 24 21 0.591 0.442
   2 10 13

NDP: Nedaplatin; DDP: Cisplatin. 



on days 1-5. The DDP group received DDP 30 mg/m2 
iv on days 1-3 + CF 100 mg/m2 on days 1-5 + 5-FU 500 
mg/m2 iv on days 1-5. The treatment was repeated every 
4 wk in both groups. Before chemotherapy, prophylactic 
antiemetic therapy with 5-HT3 receptor antagonist was 
given. Granulocyte colony-stimulating factor (G-CSF) 
was administered when grade 3/4 neutropenia occurred. 
When anemia and grade 3/4 thrombocytopenia oc-
curred, erythropoietin (EPO) and recombinant human 
interleukin-11 (IL-11) or therapeutic plateletpheresis were 
given, and the dose of  main chemotherapy drugs was 
reduced by 25% in the next cycle or the interval between 
two cycles was extended. Concurrent radiotherapy was 
given during chemotherapy in both groups. 

Three-dimensional conformal radiotherapy (3D-CRT) 
was adopted, with high-energy X-ray beams (6 MV) 
produced by a linear accelerator. Gross tumor volume 
(GTV) boundaries were determined by esophageal X-ray, 
barium meal, CT, and esophagoscopy. The upper and 
lower boundaries for clinical target volume (CTV) were 
defined as upper and lower boundaries for GTV plus 3 
cm. The lateral boundaries for CTV were defined as the 
lateral boundaries for tumors plus 0.8 cm. Planning target 
volume (PTV) was defined as CTV plus 0.5 cm.

Efficacy was evaluated using the 2000 RECIST crite-
ria based on physical examination and imaging data (X-
ray, barium meal, chest CT). Imaging data were assessed 
independently by two professional radiologists. Patients 
were rated as complete response (CR), partial response 
(PR), stable disease (SD) or progressive disease (PD). 
The response rate (RR) was defined as (number of  cases 
with CR + number of  cases with PR)/total number of  
cases (n). Acute radiation injury was assessed using the 
Radiation Therapy Oncology Group (RTOG) acute ra-
diation morbidity criteria (grades 0 to 4). Chemotherapy-
associated adverse reactions were assessed using the U.S. 
National Cancer Institute common toxicity criteria (NCI-
CTC), version 3.0 (grades 0-4).

Statistical analysis
Statistical analyses were performed using SPSS 13.0 soft-
ware. Rates or percentages between two groups were 
compared using the chi-square test and Fisher exact test. 
Survival was analyzed using the Kaplan-Meier method. 
Survival curves were compared using the Log-rank sig-
nificance test. Survival was defined as the period from 
the date of  diagnosis to death. Two-tailed P-values <0.05 
were considered statistically significant.

RESULTS
Short-term response
In the NDP group, 33 of  34 patients completed two or 
more cycles of  treatment and were evaluable for efficacy 
and toxicity. In the DDP group, 32 patients completed 
two or more cycles of  chemotherapy and can be evalu-
ated for efficacy and toxicity, and the remaining two cases 
discontinued the treatment after one cycle of  chemo-
therapy (one for intolerable side effects and the other 
for poor incompliance) but can be evaluated for toxicity. 
Short-term responses in the two groups are shown in 
Table 2.

Survival rate and causes of death
The 1-year overall survival rate was 75.8% (25/33) for 
the NDP group and 68.8% (22/32) for the DDP group, 
and the 2-year overall survival rate was 57.6% (19/33) 
and 50.0% (16/32), respectively. Although the overall 
survival rate was higher in the NDP group than in the 
DDP group, the difference was not statistically significant 
(χ 2 = 0.375, P = 0.504).

During the follow-up period, 19 patients survived 
and 14 died in the NDP group. Of  14 dead patients, 9 
died of  distant metastasis, 3 of  local control failure, and 
2 of  distant metastasis plus local control failure. Of  16 
dead patients in the DDP group, 4 died of  local control 
failure, 7 of  local control failure plus distant metastasis, 
and 5 of  distant metastasis. These findings suggest that 
distant metastasis was the main cause of  death in both 
groups. The percentage of  patients who died of  distant 
metastasis showed no significant difference between the 
NDP group and DDP group (78.6% vs 75.0%, χ 2 = 0.053, 
P = 0.818) (Figure 1).

Toxicity
Toxicity could be evaluated in all cases. In the NDP 
group, grades Ⅰ-Ⅳ decreased hemoglobin developed in 
20 patients (58.8%), grades Ⅰ-Ⅳ leukopenia in 21 pa-
tients (61.8%), and grades Ⅰ-Ⅳ thrombocytopenia in 19 
patients (55.9%); the corresponding figures in the DDP 
group were 18 (52.9%), 19 (55.9%) and 14 cases (41.2%). 
The incidences of  decreased hemoglobin, leukopenia 
and thrombocytopenia showed no significant differences 
between the two groups (P = 0.990, 0.805, 0.540). Al-
though the incidence of  hepatic dysfunction did not dif-
fer significantly between the two groups (P = 0.565), the 
incidence of  renal toxicity was significantly higher in the 
DDP group (38.2% vs 8.8%, P = 0.039). The incidences 
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Table 2  Short-term response in the two groups  n  (%)

Group n CR PR SD PD RR χ 2 P  value

NDP group 33 6 (18.2) 24 (72.7) 3 (9.1) 0 (0) 90.9% 1.276 0.528
DDP group 32 5 (15.6) 21 (65.6)   6 (18.8) 0 (0) 81.3%

RR = (PR+CR)/n. NDP: Nedaplatin; DDP: Cisplatin; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; RR: 
Response rate.
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incidences of  grade 2 and 3 esophagitis were 89% and 
39%, respectively. Severe radiation-induced esophagitis 
is difficult to manage and often affects the implementa-
tion of  treatment regimens or extends the total treatment 
time, thereby affecting therapeutic effects. Many studies 
have shown that the most commonly used PF regimen 
plus concurrent radiotherapy is associated with a high 
incidence of  esophagitis. DDP is the main factor causing 
toxicity and is intolerable in some patients. Therefore, 
researchers have been seeking more efficient drugs or 
regimens with lower toxicity.

NDP (cis-diam-mincgly-colatoplatinum; formula, 
C2H8N2O3Pt; molecular mass, 303.18 kD) is a second-
generation anti-cancer platinum derivative developed 
by Japanese pharmaceutical company Shionogi and 
approved for marketing in Japan in June 1995. Clini-
cal studies have demonstrated that NDP is effective in 
esophageal carcinoma, head and neck cancer, lung cancer, 
cervical cancer, ovarian cancer, bladder cancer, testicular 
cancer and other solid tumors. It can be used alone or 
in combination with other chemotherapeutic drugs or 
radiotherapy to improve efficacy and reduce side effects. 
The mechanism of  action of  NDP is the same as that of  
DDP; they bind to DNA by forming platinum-nucleoside 
complexes and inhibit DNA replication[10]. The solubility 
of  NDP is about 10 times that of  DDP, and there ex-
ists certain cross-resistance between DDP and NDP[11]. 
NDP does not require hydration, has low renal and gas-
trointestinal toxicity, and shows a good synergistic effect 
when being used with other chemotherapy drugs. There 
is no complete cross-resistance between CDDP and 
NDP[12]. Although NDP has a high therapeutic index, its 
side effects are low. The dose-limiting toxicity of  NDP is 
myelosuppression-induced thrombocytopenia, and its re-
nal and gastrointestinal toxicity is low[13]. In recent years, 
many foreign clinical studies have demonstrated that the 
response rate of  NDP-based regimens is above 50% in 
patients with advanced esophageal carcinoma, which is 
higher than or similar to those of  conventional DDP-
based regimens, but adverse reactions could be expected 
and well tolerated[14]. A similar study has also been report-
ed in China[15]. Watanabe et al[16] reported the use of  NDP 
and 5-FU with concurrent radiotherapy for advanced 
esophageal carcinoma. Kato et al[14] reported that NDP 
and 5-FU combined with radiotherapy achieved an over-
all response rate of  77%, a 1-year survival rate of  30.7%, 
a 2-year survival rate of  10.2%, and the median survival 
time of  10.1 mo in patients with unresectable advanced 
esophageal squamous cell carcinoma.

The present study showed that the short-term re-
sponse rate and the 1- and 2-year survival rates were 
higher in the NDP group than in the DDP group (90.9% 
vs 81.3%, 75.8% vs 68.8%, 57.6% vs 50.0%), although the 
differences were not statistically significant. These find-
ings suggest that NDP-based regimen has a trend to im-
prove the short- and long-term response rates in locally 
advanced esophageal carcinoma, and that the efficacy of  
NDP-based concurrent chemoradiotherapy regimen is 

of  nausea and vomiting were significantly lower in the 
NDP group than in the DDP group (17.6% vs 50.0%, 
11.8% vs 47.1%, P = 0.031, 0.016) (Table 3).

Late grade 4 esophageal toxicity was noted in one 
patient in the DDP group, but no patient developed late 
grade 3 or more esophageal toxicity in the NDP group. 
The incidences of  late esophageal and lung toxicities 
showed no significant difference between the two groups 
(P > 0.05 for both). Serious late radiation toxicities such 
as radiation-induced myelitis and pericarditis were not 
observed (Table 4).

DISCUSSION
Esophageal carcinoma is one of  the most common ma-
lignancies in China. Surgical excision is the standard treat-
ment for esophageal carcinoma. Because most patients 
with esophageal carcinoma are diagnosed at the advanced 
stage, most of  them have missed the chance of  radical 
surgery. For patients without indications for surgery or 
those with localized disease after surgical resection, radio-
therapy is another possible cure. However, both surgery 
alone and radiotherapy alone can not significantly im-
prove the five-year survival rate in patients with esopha-
geal carcinoma. To overcome this problem, worldwide 
scholars have tried a variety of  comprehensive treatment 
from the 1970s to improve the therapeutic effect against 
this malignancy[4-8]. Chemotherapy combined with ra-
diotherapy has yielded encouraging results. Particularly, 
the RTOG8501 trial conducted by Cooper et al[5] has 
provided conniving evidence to support the effectiveness 
of  concurrent chemoradiotherapy in the management of  
esophageal carcinoma.

Compared to radiotherapy alone, concurrent chemo-
radiotherapy will further increase the incidence of  side 
effects. Main side effects include radiation-induced 
esophagitis, pneumonia, bone marrow suppression, 
nausea, and vomiting. Seung et al[9] reported that the 
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Figure 1  Survival curves for the two groups. NDP: Nedaplatin; DDP: Cisplatin.
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not lower, or slightly higher than that of  traditional CD-
DP-based concurrent chemoradiotherapy regimen. With 
regard to adverse effects, the incidences of  nausea and 
vomiting were significantly lower in the NDP group than 
in the DDP group (17.6% vs 50.0%, 11.8% vs 47.1%, P 
< 0.05 for both). The majority of  cases of  nausea and 
vomiting in the NDP group were grades Ⅰ-Ⅱ and could 
be easily managed using antiemetic therapy with 5-HT3 
receptor antagonist, while the incidences of  grades Ⅱ-
Ⅲ nausea and vomiting were relatively high in the DDP 
group. The incidence of  renal toxicity, mainly grades Ⅰ-
Ⅱ, was significantly lower in the NDP group than in 
the DDP group (8.8% vs 38.2%, P < 0.05). There was 
no significant difference in the incidence of  liver toxic-
ity between the two groups (P > 0.05). The incidence of  
leukopenia, mainly grades Ⅰ-Ⅱ, was slightly higher in the 
NDP group than in the DDP group, but the difference 
was not statistically significant (P > 0.05). The incidence 
of  thrombocytopenia (grades Ⅰ-Ⅱ: 38.2%; grades Ⅲ-
Ⅳ: 17.6%) was also slightly higher in the NDP group. 
Thrombocytopenia occurred mainly 7 to 10 d after treat-
ment and resolved in all cases 14 d after treatment. These 
results indicate that the incidence of  gastrointestinal reac-
tions such as nausea and vomiting was significantly lower 
in the NDP group. The liver and kidney toxicity was 

mild. The main dose-limiting toxicity was myelosuppres-
sion, especially thrombocytopenia, which can be man-
aged by symptomatic and supportive treatment or dosage 
adjustment.

In conclusion, NDP is an effective drug for treatment 
of  esophageal carcinoma. NDP combined with 5-FU 
is superior to DDP plus 5-FU in terms of  reducing the 
incidences of  gastrointestinal and renal toxicity and im-
proving clinical tolerance. Since the sample size is small in 
the present study, further large-sample trials are required 
to evaluate the long-term efficacy and toxicity of  NDP-
based regimens.

COMMENTS
Background
Radiotherapy given concurrently with chemotherapy can improve the efficacy 
of radiotherapy in esophageal carcinoma. Concurrent chemoradiotherapy has 
been recommended as the standard treatment for locally advanced esophageal 
carcinoma, and conventional fractionated radiotherapy plus cisplatin (DDP) and 
5-fluorouracil (5-FU) has been advocated as a standard regimen for this malig-
nancy. However, the risk of gastrointestinal and renal toxicity associated with 
DDP-based PF regimen (DDP + 5-FU) limits its use. 
Research frontiers
In the present study, the authors designed a randomized controlled phase Ⅱ 
trial to compare the efficacy, acute adverse reactions and late toxicity of three-
dimensional conformal radiotherapy plus nedaplatin (NDP) and 5-FU vs plus 
the PF regimen in the treatment of locally advanced esophageal carcinoma, 
with an aim to find a regimen that has fewer adverse reactions and better ef-
ficacy than the PF regimen.
Innovations and breakthroughs
The survival and local control as well as the side effects during follow-up were 
analyzed by comparing with cisplatin. The authors found NDP-based concurrent 
chemoradiotherapy is effective and well-tolerated. Compared with DDP, NDP-
based concurrent chemoradiotherapy exhibits favorable efficacy with lower 
toxicity.
Applications
The study results suggest that NDP-based concurrent chemoradiotherapy is a 
potential therapeutic regimen that could be used in locally advanced esopha-
geal carcinoma.
Terminology
Cisplatin, a common chemotherapeutic drug, has been one of doctors’ first lines 
of defense against tumors, especially those of the lung, ovary, testes and lo-
cally advanced esophageal carcinoma. Nedaplatin is a new platinum derivative, 
selected from a series of platinum analogues based on its pronounced preclini-

Table 3  Acute adverse events in the two groups

Acute adverse reactions  NDP group (n  = 34) DDP group (n  = 34) χ 2 P  value

0 Ⅰ Ⅱ Ⅲ Ⅳ Incidence 0 Ⅰ Ⅱ Ⅲ Ⅳ Incidence

Hemoglobin 14   9 5 5 1 58.80% 16   8 5 4 1 52.90%   0.303 0.990
Leukopenia 13   8 7 6 0 61.80% 15   8 6 4 1 55.90% 1.62 0.805
Platelet 15   7 6 5 1 55.90% 20   4 7 3 0 41.20%   3.109 0.540
Bilirubin 29   4 1 0 0 14.70% 30   3 1 0 0 11.80% 0.16 0.923
Transaminase 25   8 1 0 0 26.50% 27   7 0 0 0 20.60%   1.144 0.565
Urea nitrogen 30   4 0 0 0 11.80% 29   3 2 0 0 14.70% 2.16 0.340
Creatinine 31   2 1 0 0 8.80% 21   9 3 1 0 38.20%   8.378 0.039
Nausea 28   4 1 1 0 17.60% 17   7 6 4 0 50.00%   8.878 0.031
Vomiting 30   2 1 1 0 11.80% 18   6 4 6 0 47.10% 10.371 0.016
Esophagitis   8 18 7 1 0 76.50%   4 19 9 1 1 88.20% 2.61 0.625
Pneumonia 18 14 2 0 0 47.10% 12 17 4 1 0 64.70%   3.157 0.368

NDP: Nedaplatin; DDP: Cisplatin. 

Table 4  Late adverse events in the two groups  n  (%)

Late adverse event NDP group DDP group χ 2 P  value

Late esophageal injury
   0    18 (52.9)    13 (38.2)
   I    10 (29.4)    12 (35.3)
   II      4 (11.8)      5 (14.7)   2.299 0.681
   III    2 (5.9)    3 (8.8)
   IV 0 (0)    1 (2.9)
Late lung injury
   0    24 (70.6)    20 (58.8)
   I      7 (20.6)      8 (23.5)
   II    2 (5.9)      4 (11.8) 1.43 0.698
   III    1 (2.9)    2 (5.9)
   IV 0 (0) 0 (0)

NDP: Nedaplatin; DDP: Cisplatin.  COMMENTS
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cal antitumor activity against various solid tumors with lower nephrotoxicity and 
gastrointestinal reactions.
Peer review
This is a good clinical study in which the authors evaluated the efficacy and 
safety of three-dimensional conformal radiotherapy plus NDP and 5-FU versus 
plus the PF regimen in the treatment of locally advanced esophageal carci-
noma. The results suggest that NDP-based concurrent chemoradiotherapy 
exhibits favorable efficacy with lower toxicity.
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Abstract
AIM: To perform a meta-analysis of large-balloon dila-
tion (LBD) plus endoscopic sphincterotomy (EST) vs  EST 
alone for removal of bile duct stones.

METHODS: Databases including PubMed, EMBASE, the 
Cochrane Library, the Science Citation Index, and im-
portant meeting abstracts were searched and evaluated 
by two reviewers independently. The main outcome 
measures included: complete stone removal, stone re-
moval in the first session, use of mechanical lithotripsy, 
procedure time, and procedure-related complications. 
A fixed-effects model weighted by the Mantel-Haenszel 
method was used for pooling the odds ratio (OR) when 
heterogeneity was not significant among the studies. 
When a Q test or I 2 statistic indicated substantial het-
erogeneity, a random-effects model weighted by the 
DerSimonian-Laird method was used.

RESULTS: Six randomized controlled trials involving 
835 patients were analyzed. There was no significant 
heterogeneity for most results; we analyzed these us-
ing a fixed-effects model. Meta-analysis showed EST 
plus LBD caused fewer overall complications than EST 
alone (OR = 0.53, 95%CI: 0.33-0.85, P  = 0.008); sub-

category analysis indicated a significantly lower risk of 
perforation in the EST plus LBD group (Peto OR = 0.14, 
95%CI: 0.20-0.98, P  = 0.05). Use of mechanical litho-
tripsy in the EST plus LBD group decreased significantly 
(OR = 0.26, 95%CI: 0.08-0.82, P  = 0.02), especially in 
patients with a stone size larger than 15 mm (OR = 0.15, 
95%CI: 0.03-0.68, P  = 0.01). There were no significant 
differences between the two groups regarding com-
plete stone removal, stone removal in the first session, 
post-endoscopic retrograde cholangiopancreatography 
pancreatitis, bleeding, infection of biliary tract, and pro-
cedure time.

CONCLUSION: EST plus LBD is an effective approach 
for the removal of large bile duct stones, causing fewer 
complications than EST alone. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Balloon dilation; Cholangiopancreatogra-
phy; Endoscopic retrograde; Choledocholithiasis; Endo-
scopic sphincterotomy; Meta-analysis

Core tip: This meta-analysis demonstrates that endo-
scopic sphincterotomy (EST) plus large-balloon dilation 
(LBD) is an effective approach for the removal of large 
bile duct stones. Specifically, when compared with the 
outcomes of EST alone, the combined technique is as-
sociated with fewer complications. Furthermore, use of 
mechanical lithotripsy in the EST plus LBD group de-
creased significantly, especially in patients with a stone 
size larger than 15 mm. However, more well-designed 
trials are required to clarify whether this combined 
technique is preferable. 
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INTRODUCTION
During endoscopic retrograde cholangiopancreatography 
(ERCP), endoscopic sphincterotomy (EST) or endoscop-
ic papillary balloon dilation (EPBD) is the standard meth-
od of  enlarging the papillary orifice before stone retrieval. 
However, the extent of  orifice dilation with conventional 
EST or EPBD is limited[1-3], and the use of  other meth-
ods such as mechanical lithotripsy, intraductal shock-
wave lithotripsy, extracorporeal shock-wave lithotripsy or, 
if  those fail, biliary stent placement with repeated ERCP 
or even surgery may be required in patients with difficult 
(usually large) stones[1]. These methods are not widely 
available, and a larger opening of  the orifice by large-
balloon dilation (LBD) seems to be necessary. Ersoz et 
al[4] first reported the use of  LBD after sphincterotomy 
for large common bile duct stones and achieved a high 
stone clearance rate of  up to 89%-95% without mechani-
cal lithotripsy. Since then, a number of  case series have 
also suggested that the combination technique facilitated 
large stone extraction and reduced dependence on me-
chanical lithotripsy, contributing to higher stone clearance 
in a single endoscopic session with an acceptable risk of  
complications[5-9]. However, the comparison of  EST plus 
LBD and EST alone for removal of  choledocholithiasis 
has given inconsistent results. 

To the best of  our knowledge, the only systematic re-
view on the topic has been published by Liu et al[10]. This 
included non-randomized controlled trials (non-RCTs); 
two eligible abstracts[11,12] which were regarded as non-
randomized in the review were in fact randomized; this 
was validated by contacting the authors. More recently, a 
well-arranged trial has been published and some conflict-
ing results have emerged[13]. Therefore, we believe that an 
updated meta-analysis is required.

MATERIALS AND METHODS
Search strategy
A literature search was performed to identify all relevant 
studies that compared EST plus LBD and EST alone for 
removal of  bile duct stones. The PubMed, EMBASE, 
Cochrane Library databases, and the Science Citation In-
dex were searched systematically for all articles published 
up to May 2013, without language restriction, using the 
following terms in their titles, abstracts, or keyword lists: 
“balloon dilation,” “sphincteroplasty,” “sphincterotomy,” 
“bile duct stone,” and “choledocholithiasis.” The refer-
ences in retrieved articles were also screened manually. 
The abstracts of  the United European Gastroenterology 
Week and Digestive Disease Week, from 2004 to 2012, 
were also searched systematically. An attempt to contact 
the first author was made when information was not ex-

tractable from potentially eligible published abstracts.

Study selection
Papers selected from this initial search were then screened 
for eligibility using the following criteria: (1) RCTs that 
evaluated a comparison of  EST plus LBD (larger than 
12 mm in balloon size) and EST alone in the removal of  
large common bile duct stones (larger than 10 mm in di-
ameter); and (2) Outcomes of  interest included complete 
stone removal, use of  mechanical lithotripsy and compli-
cations. If  reports came from the same study center, we 
only included data from the publication with the largest 
population. Comments, reviews, case reports, and guide-
line articles were excluded.

Data extraction
Data from eligible studies were extracted independently 
by two reviewers (Yang XM and Hu B) using standard 
forms, and consensus was reached on all items. Data 
were extracted on: first author, year of  publication, 
country of  origin, study setting, number, age and sex of  
patients, stone size, balloon diameter, complete stone 
removal, stone removal in the first session, use of  me-
chanical lithotripsy, procedure time, and procedure-
related complications.

Assessment of study quality
Two independent reviewers (Yang XM and Hu B) as-
sessed the quality score of  primary trials according to the 
Jadad scale[14]. Total scores ranged from 0 to 5. The Co-
chrane Collaboration’s tool for assessing risk of  bias was 
also used to address potential bias (Table 1). We defined 
studies with a Jadad score of  3 or more points and a low 
risk of  bias as high quality in this meta-analysis. Dis-
agreements were discussed by the reviewers and resolved 
through consensus.

Statistical analysis
For summary statistics in meta-analysis, the odds ratio 
(OR) is recommended for dichotomous data, and the 
weighted mean difference is recommended for continu-
ous data. Complete stone removal, stone removal in the 
first session, use of  mechanical lithotripsy and overall 
complications were summarized as OR with 95%CI. Peto 
OR with 95%CI was used for separate complications, 
including post-ERCP pancreatitis, bleeding, infection of  
biliary tract (including cholangitis and cholecystitis), and 
perforation, since it could generate the least biased pooled 
results of  studies with zero event in both groups[15]. P val-
ues of  less than 0.05 were considered significant.

Heterogeneity was assessed by visual inspection of  a 
Forest plot, the Cochran Q test, and the I2 statistic. Het-
erogeneity was considered significant by the Cochran Q 
test when P < 0.1 or I2 > 50%[16,17]. A fixed-effects model 
weighted by the Mantel-Haenszel method was used for 
pooling the OR when heterogeneity was not significant 
among the studies[18]. When a Q test or I2 statistic indi-
cated substantial heterogeneity, a random-effects model 
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weighted by the DerSimonian-Laird method was used[19]. 
We performed a sensitivity analysis by removing each 
study in turn from the overall data to evaluate the influ-
ence of  a single study on the pooled analysis and by 
restricting the meta-analysis to high-quality studies. We 
also assessed the potential for publication bias through 
visual inspection of  funnel plot asymmetry and evaluated 
the statistical significance of  differences according to 
the methods of  Begg et al[20] and Egger et al[21]. Statistical 
analyses were performed using Review Manager software 
(version 5.1 for Windows, Cochrane Collaboration, Ox-
ford, United Kingdom).

RESULTS
Identification of eligible studies
The literature search yielded 316 abstracts for review, and 
308 were excluded for the reasons shown in Figure 1. 
The results of  two studies were conflated because they 
were from the same trial. Thus, six studies[11-13,22-24] were 

included, four of  which were available as full texts and 
were high quality studies. The combined studies enrolled 
835 patients who had been randomly allocated to the 
EST plus LBD group or the EST alone group. The char-
acteristics of  the included trials are listed in Tables 1 and 2, 
and the outcome data are shown in Table 3.

Efficacy
Six studies reported complete stone removal. Heteroge-
neity among these studies was not significant (P = 0.28, 
I2 = 22%, Figure 2A). Thus, we used the fixed-effects 
model and found that there was no significant differ-
ence in complete stone removal between EST plus LBD 
and EST alone (OR = 1.41, 95%CI: 0.63-3.17, P = 0.40, 
Figure 2A). Sensitivity analysis by removing each study 
in turn from the overall data or by restricting the meta-
analysis to high-quality studies showed that the result was 
robust. Four RCTs[12,13,22,23] reported stone removal in the 
first session, and there was no significant difference in 
stone clearance between the two methods (OR = 1.02, 
95%CI: 0.65-1.61, P = 0.92). A comparison of  EST plus 
LBD and EST alone in patients with stones larger than 
15 mm was carried out, and five studies[11,13,22-24] with 377 
patients were included. Meta-analysis showed that there 
was no significant difference in the complete stone re-
moval rate according to the fixed-effects model (OR = 
0.99, 95%CI: 0.35-2.81, P = 0.98, Figure 2B). 

Use of mechanical lithotripsy
Six studies reported the use of  mechanical lithotripsy 
during the stone removal process. The trials were het-
erogeneous (P < 0.001, I2 = 87%), and a random-effects 
model analysis was performed. The results indicated a 
significantly reduced dependence on mechanical litho-
tripsy in the EST plus LBD group (OR = 0.26, 95%CI: 
0.08-0.82, P = 0.02). We conducted a sensitivity analysis 
by excluding the study by Stefanidis et al[24], as no me-
chanical lithotripsy was used in the LBD group in this 
trial, and the result did not change (OR = 0.42, 95%CI: 
0.18-0.98, P = 0.05). However, after removing the two 
eligible abstracts[11,12], there was no significant difference 
in the use of  mechanical lithotripsy between EST plus 
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  Ref. Sequence Allocation Blinding of Incomplete  Selective  Other sources 

generation concealment participants outcome outcome of bias
  Heo et al[22]

  2007
Computer random 
number generator

Sealed envelope Outcome assessment
 blinded

No missing
outcome data

All prespecified
outcomes reported

No

  Hong et al[11]

  2009
Unclear Not reported Unclear No missing

outcome data
All prespecified

outcomes reported
No

  Kim et al[23]

  2009
The order of the 

procedure
Not reported Unclear No missing

outcome data
All prespecified

outcomes reported
No

  Kim et al[12]

  2009
Unclear Not reported Unclear No missing

outcome data
All prespecified

outcomes reported
No

  Stefanidis et al[24]

  2011
Random number 

table
Sealed envelope Outcome assessment

 blinded
No missing

outcome data
All prespecified

outcomes reported
No

  Teoh et al[13]

  2013
Computer random 
number generator

Sealed envelope Outcome assessment
 blinded

No missing
outcome data

All prespecified
outcomes reported

No

Table 1  Characteristics of the included randomized controlled trials (according to the Cochrane Collaboration’s tool for assessing 
risk of bias) 

421 records identified through primary database searching

421 titles screened through primary database searching

105 studies not related to the topic 
      were removed

316 abstracts screened
201 not relevant

4 reviews

17 case reports

3 letters

5 comments

32 incorrect intervention comparisons

46 not randomized

2 studies duplicated

8 studies eligible

6 studies included in the meta-analysis

Figure 1  Flow chart of included and excluded trials.
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EST plus LBD had a lower risk of  perforation (OR = 
0.14, 95%CI: 0.20-0.98, P = 0.05). No significant differ-
ence was found in terms of  post-ERCP pancreatitis (OR 
= 0.77, 95%CI: 0.43-1.39, P = 0.39), bleeding (OR = 0.50, 
95%CI: 0.20-1.23, P = 0.13), and infection of  the biliary 
tract (OR = 0.34, 95%CI: 0.11-1.02, P = 0.05).

Procedure time
Only two studies reported the total procedure time[13,23]. 
Meta-analysis showed no difference in ERCP duration 
between EST plus LBD and EST alone (OR = 1.55, 
95%CI: -2.34-5.44, P = 0.44, Figure 3B).

Publication bias
The funnel plot did not show an asymmetrical pattern 

LBD and EST alone (OR = 0.26, 95%CI: 0.05-1.48, P 
= 0.13). A subgroup analysis in patients with a stone 
size larger than 15 mm demonstrated that the use of  
mechanical lithotripsy in the EST plus LBD group de-
creased significantly (OR = 0.15, 95%CI: 0.03-0.68, P = 
0.01, Figure 3A).

Safety
Six RCTs evaluated the safety in both groups (Table 4). 
The statistical results showed that EST plus LBD caused 
fewer overall complications than EST alone (OR = 0.53, 
95%CI: 0.33-0.85, P = 0.008), and the result did not 
change by restricting the meta-analysis to the four high-
quality studies (OR = 0.48, 95%CI: 0.24-0.99, P = 0.05). 
Subcategory analysis indicated that patients undergoing 

  Ref. Format Country Center 
involved

EST plus LBD, EST Balloon diameter 
(mm)

Jadad 
score

Number (n) Male, female Mean age (yr) Stone size (mm)

  Heo et al[22]

  2007
Full text Korea 1 100 48, 52 64 16.0 ± 0.71 12-20 4

100 50, 50 63 15.0 ± 0.71

  Hong et al[11]

  2009
Abstract Korea 1   70 Not reported Not reported > 15 15 or 20 1

  65 > 15
  Kim et al[23]

  2009
Full text Korea 1   27 12, 15 70 15-38.3 15, 16.5 or 18 3

  28 14, 14 70 15-48
  Kim et al[12]

  2009
Abstract Korea 1 104 53, 51 70 > 10 12-20 1

100 49, 51 69 > 10
  Stefanidis et al[24]

  2011
Full text Greece 1   45 24, 21 69 12-20 15, 18 or 20 4

  45 22, 23 68 12-20
  Teoh et al[13] 
  2013

Full text Hong Kong 2   73 32, 41 72 ≥ 13 13-15 4
  78 40, 38 73 ≥ 13

Table 2  Characteristics of the included randomized controlled trials

1Values are mean ± SD. EST: Endoscopic sphincterotomy; LBD: Large-balloon dilation.

  Ref. Intervention Complete 
stone removal

Stone removal in
the first session

Mechanical 
lithotripsy

Overall 
complications

Pancreatitis Bleeding Infection of 
biliary tract

Perforation

  Heo et al[22]

  2007
Small EST 
plus LBD

97/100 (97) 83/100 (83) 8/100 (8) 5/100 (5) 4/100 (4) 0/100 (0) 1/100 (1) 0/100 (0)

Full EST 98/100 (98) 87/100 (87) 9/100 (9) 7/100 (7) 4/100 (4) 2/100 (2) 1/100 (1) 0/100 (0)
  Hong et al[11]

  2009
Small EST 
plus LBD

70/70 (100) Not reported 13/70 (19) 8/70 (11) 4/70 (6) 4/70 (6) 0/70 (0) 0/70 (0)

Conventional  
EST

65/65 (100) 47/65 (72) 19/65 (29) 9/65 (14) 10/65 (15) 0/65 (0) 0/65 (0)

  Kim et al[23]

  2009
Small EST 
plus LBD

27/27 (100) 23/27 (85) 9/27 (33) 0/27 (0) 0/27 (0) 0/27 (0) 0/27 (0) 0/27 (0)

Conventional 
EST

28/28 (100) 23/28 (82) 9/28 (32) 0/28 (0) 0/28 (0) 0/28 (0) 0/28 (0) 0/28 (0)

  Kim et al[12]

  2009
Small EST 
plus LBD

100/104 (96) 89/104 (86) 8/104 (8) 11/104 (11) 10/104 (10) 1/104 (1) 0/104 (0) 0/104 (0)

Conventional 
EST

92/100 (92) 82/100 (82) 17/100 (17) 10/100 (10) 9/100 (9) 0/100 (0) 0/100 (0) 1/100 (1)

  Stefanidis 
  et al[24] 2011

Full EST 
plus LBD

44/45 (98) Not reported 0/45 (0) 2/45 (4) 1/45 (2) 1/45 (2) 0/45 (0) 0/45 (0)

Full EST 
plus ML

41/45 (91) 45/45 (100) 9/45 (20) 1/45 (2) 1/45 (2) 6/45 (13) 1/45 (2)

  Teoh et al[13]

  2013
Small EST 
plus LBD

71/73 (97) 65/73 (89) 21/73 (29) 5/73 (7) 2/73 (3) 1/73 (1) 2/73 (3) 0/73 (0)

Full EST 78/78 (100) 69/78 (88) 36/78 (46) 8/78 (10) 3/78 (4) 0/78 (0) 3/78 (4) 2/78 (3)

Table 3  Outcome data derived from the included randomized controlled trials  n  (%)

EST: Endoscopic sphincterotomy; LBD: Large-balloon dilation.
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(Figure 4). In addition, neither the Begg test nor the Eg-
ger test revealed significant publication bias (P = 0.148 
and P = 0.426, respectively).

DISCUSSION
We performed this meta-analysis mainly to investigate 
whether EST plus LBD was feasible and safe for the re-
moval of  large stones. Theoretically, a large enough open-
ing to the papilla may facilitate the extraction of  large 

bile duct calculi. Our meta-analysis suggested that EST 
plus LBD achieved an equivalent success rate in stone 
clearance to that of  EST alone. The use of  mechanical 
lithotripsy in the EST plus LBD group decreased signifi-
cantly, especially in patients with a stone size larger than 
15 mm. Mechanical lithotripsy is a challenging technique 
and may create many stone fragments that are then dif-
ficult to clear[25], thus it is worth reducing dependence on 
mechanical lithotripsy.

Recent data has suggested that LBD does not cause 

Study or subgroup EST plus LBD EST Odds ratio Odds ratio
Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI

Heo 2007   34   36   29   30   24.8% 0.59 [0.05, 6.80]
Hong 2009   70   70   65   65 Not estimable
Kim 2009   27   27   28   28 Not estimable
Stefanidis 2011   27   28   27   29   13.4%  2.00 [0.17, 23.39]
Teoh 2013   26   31   28   33   61.8% 0.93 [0.24, 3.58]

Total (95%CI) 192 185 100.0% 0.99 [0.35, 2.81]
Total events 184 177
Heterogeneity: χ 2 = 0.50, df  = 2 (P  = 0.78); I 2 = 0%
Test for overall effect: Z  = 0.02 (P  = 0.98)

0.01        0.1           1           10         100
Favours EST plus LBD   Favours EST

Study or subgroup EST plus LBD EST Odds ratio Odds ratio
Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI

Heo 2007 97 100 98 100 29.3% 0.66 [0.11, 4.04]
Hong 2009 70 70 65 65 Not estimable
Kim 2009 27 27 28 28 Not estimable
Kim 2009 100 104 92 100 36.0% 2.17 [0.63, 7.46]
Stefanidis 2011 44 45 41 45 9.1% 4.29 [0.46, 40.01]
Teoh 2013 71 73 78 78 25.6% 0.18 [0.01, 3.86]

Total (95%CI) 419 416 100.0% 1.41 [0.63, 3.17]
Total events 409 402
Heterogeneity: χ 2 = 3.83, df  = 3 (P  = 0.28); I 2 = 22%
Test for overall effect: Z  = 0.84 (P  = 0.40)

0.01        0.1           1           10         100
Favours EST plus LBD   Favours EST

Figure 2  Forest plot demonstrating no significant difference in complete stone removal between endoscopic sphincterotomy plus large-balloon dilation 
and endoscopic sphincterotomy alone and in patients with stone size larger than 15 mm. A: Endoscopic sphincterotomy (EST) plus large-balloon dilation (LBD) 
and EST alone; B: EST plus LBD and EST alone and in patients with stone size larger than 15 mm.

A

B

Study or subgroup EST plus LBD EST Odds ratio Odds ratio
Events Total Events Total Weight M-H, fixed, 95%CI M-H, random, 95%CI

Heo 2007   6   36     8   30   22.4% 0.55 [0.17, 1.81]
Hong 2009 13   70   47   65   24.2% 0.09 [0.04, 0.20]
Kim 2009   9   27     9   28   22.7% 1.06 [0.34, 3.26]
Stefanidis 2011   0   28   29   29     9.4% 0.00 [0.00, 0.02]
Teoh 2013 18   31   30   33   21.3% 0.14 [0.03, 0.55]

Total (95%CI) 192 185 100.0% 0.15 [0.03, 0.68]
Total events 46 123
Heterogeneity: Tau2 = 2.29, χ 2 = 26.60, df  = 4 (P  < 0.0001); I 2 = 85%
Test for overall effect: Z  = 2.45 (P  = 0.01)

0.01        0.1           1            10          100
Favours EST plus LBD   Favours EST

A

Study or subgroup EST plus LBD EST Mean difference Mean difference
Mean SD Total Mean SD Total Weight IV, fixed, 95%CI IV, fixed, 95%CI

Kim 2009 18 12   27 19   13   28   34.7% -1.00 [-7.61, 5.61]
Teoh 2013   27.2   16.9   73   24.3   12.87   78   65.3%  2.90 [-1.92, 7.72]

Total (95%CI) 100 106 100.0%  1.55 [-2.34, 5.44]
Heterogeneity: χ 2 = 0.87, df  = 1 (P  = 0.35); I 2 = 0%
Test for overall effect: Z  = 0.78 (P  = 0.44)

-100         -50             0             50           100
Favours EST plus LBD   Favours EST

B

Figure 3  Forest plot demonstrating. A: The use of mechanical lithotripsy in the endoscopic sphincterotomy (EST) plus large-balloon dilation (LBD) group decreased 
significantly in patients with stone size larger than 15 mm; B: No significant difference in procedure time between EST plus LBD and EST alone.

Yang XM et al . EST plus LBD facilitates stone removal



9458 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

serious complications such as severe pancreatitis and bile 
duct perforation if  performed strictly under established 
guidelines[5,6,22]. Similarly, the current meta-analysis dem-
onstrated that the incidence of  overall complications was 
significantly lower in the EST plus LBD group. When 
standard EST is performed to remove large stones, a full 
or large incision may be made, possibly leading to bleed-
ing or perforation. Our review showed that perforation 
occurred in four patients in the EST alone group, and in 
none in the EST plus LBD group. Furthermore, bleeding 
was rarer when balloon dilation was performed (1.7% vs 
3.1%) after limited sphincterotomy, although no signifi-
cant difference was observed. We presume that this may 
be due to the small incision made before LBD.

Many concerns have been raised about post-ERCP 
pancreatitis with increasing balloon size, especially for 
those over 15 mm. However, our meta-analysis showed 
that LBD did not increase pancreatitis. Theoretically, the 
initial sphincterotomy may orientate the direction of  sub-
sequent dilation, leading to a resultant tear away from the 
pancreatic orifice, which might decrease the risk of  pan-
creatitis. Post-ERCP pancreatitis may also be associated 
with other factors such as cannulation time and stone 
removal time. Only two studies reported the total proce-
dure time[13,23], and meta-analysis showed no difference 
in ERCP duration between the two groups. We cannot 

estimate the effect of  procedure duration on the risk of  
pancreatitis.

Only the study by Teoh et al[13] compared the di-
rect cost of  the procedures between the two groups. 
A significant reduction in overall cost was noted in the 
EST plus LBD group [USD $5025 (interquartile range, 
$4140-$5235) vs $6005 (interquartile range, $4462-$5441), 
P = 0.034]. Whether this combined technique is less ex-
pensive requires clarification by conducting further trials.

Our findings are similar to those of  the previous 
meta-analysis by Liu et al[10]. This previous meta-analysis 
included three RCTs[22,23,26], and summarized the results 
of  RCTs and non-RCTs separately. One trial included in 
the previous meta-analysis which performed dilation us-
ing a small (8 mm) balloon[26] was excluded in our review. 
A well-arranged trial was excluded in the previous meta-
analysis because mechanical lithotripsy was used in all the 
patients in the EST group, but in none of  the patients 
in the EST plus LBD group[24], which did not accurately 
reflect the use of  mechanical lithotripsy. We conducted a 
sensitivity analysis by excluding this study, and the result 
did not change. By contacting the authors, we found two 
eligible abstracts[11,12] regarded as non-randomized in the 
previous meta-analysis, which were in fact randomized. 
Furthermore, our meta-analysis included a recently pub-
lished well-designed trial by Teoh et al[13]. The previous 
meta-analysis showed a significant reduction in the use 
of  mechanical lithotripsy and overall complications for 
non-RCTs, but not for RCTs. However, our meta-analysis 
showed that EST plus LBD caused fewer overall com-
plications than EST alone, and the result did not change 
by restricting the meta-analysis to high-quality studies. In 
addition, our meta-analysis showed that the use of  me-
chanical lithotripsy in the EST plus LBD group decreased 
significantly, especially in patients with a stone size larger 
than 15 mm.

This meta-analysis also has some limitations. Firstly, 
it included two low-quality trials. It has been well docu-
mented that in RCTs and meta-analyses, low-quality stud-
ies are vulnerable to bias and may lead to exaggerated 
results. However, subgroup analysis of  high-quality stud-
ies was also significant, which strengthened the results. 

  Complications All 6 studies Four full-text studies (high-quality)
Incidence EST 
plus LBD, EST

OR/Peto OR 
(95%CI)

P  value Heterogeneity Incidence EST 
plus LBD, EST

OR/Peto OR 
(95%CI)

P  value Heterogeneity
I 2 P  value I 2 P  value

  Overall 31/419 (7.4) 0.53 (0.33-0.85)   0.008 28% 0.24 12/245 (4.9) 0.48 (0.24-0.99) 0.05   0% 0.37
  53/416 (12.7) 24/251 (9.6)

  Pancreatitis 21/419 (5.0) 0.77 (0.43-1.39) 0.39   0% 0.74   7/245 (2.9) 0.89 (0.32-2.49) 0.83   0% 0.95
26/416 (6.3)   8/251 (3.2)

  Bleeding   7/419 (1.7) 0.50 (0.20-1.23) 0.13 22% 0.27   2/245 (0.8) 0.68 (0.12-3.93) 0.66 31% 0.24
13/416 (3.1)   3/251 (1.2)

  Infection of 
  biliary tract

  3/419 (0.7) 0.34 (0.11-1.02) 0.05 28% 0.25   3/245 (1.2) 0.34 (0.11-1.02) 0.05 28% 0.25
10/416 (2.4) 10/251 (4.0)

  Perforation   0/419 (0.0) 0.14 (0.02-0.98) 0.05   0% 1.00   0/245 (0.0) 0.14 (0.01-1.35) 0.09   0% 0.98
  4/416 (1.0)   3/251 (1.2)

Table 4  Analyses of procedure-related complications  n  (%)

EST: Endoscopic sphincterotomy; LBD: Large-balloon dilation.
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Figure 4  Funnel plot did not show publication bias.
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Secondly, only a few studies were included, which might 
decrease the robustness of  the analysis and mask publica-
tion bias. Our meta-analysis showed that the significant 
reduction in perforations in the EST plus LBD group 
was marginal (P = 0.05), this was probably attributable to 
the small number of  subjects with perforation (n = 4, all 
in the EST alone group).

In conclusion, large-balloon dilation following lim-
ited sphincterotomy appears to be an effective approach 
for large stone extraction. This method may cause fewer 
complications and reduce dependence on mechanical 
lithotripsy. However, it warrants more well-designed 
studies to clarify whether this combined technique is 
outweighed.
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Endoscopic sphincterotomy (EST) or endoscopic papillary balloon dilation 
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Abstract
AIM: to evaluate the association between the tumour 
necrosis factor alpha-308 (TNF-α-308) gene polymor-
phism and the risk of digestive system cancers.

METHODS: All eligible case-control studies published 
up to December 2012 were identified by searching 
PubMed, Web of Science, Embase and China National 
Knowledge Internet without language restrictions. The 
risk of digestive system cancers associated with the 
TNF-α-308 polymorphism was estimated for each study 
using odds ratio (OR) together with its 95%CI, respec-
tively. Cochrane Collaboration RevMan 5.1 was used 
to perform the analysis. A χ 2-test-based Q statistic test 
and an I 2 test were performed to assess the between-
study heterogeneity. When the Q test was significant 
(p  < 0.05) or I 2 > 50%, the random effects model was 
used, otherwise the fixed effects model was used. 

RESULTS: Fifty-eight studies from fifty-five publica-
tions with a total of 9986 cancer patients and 15511 

healthy controls were included. Overall, a significant 
association was found between the TNF-α-308  poly-
morphism and the risk of digestive system cancers 
[dominant model: OR = 1.23, 95%CI: 1.09-1.39, (G/A) 
vs  (G/G): OR = 1.15, 95%CI: 1.02-1.28, (A/A) vs  (G/G): 
OR = 1.44, 95%CI: 1.19-1.73, recessive model: OR 
= 1.38, 95%CI: 1.15-1.66]. Furthermore, when the 
analysis was stratified by ethnicity, similar results were 
observed in both the Asian and Caucasian populations, 
except for the dominant model and heterozygote com-
parisons in the Asian population [dominant model: OR 
= 1.24, 95%CI: 0.99-1.56, (G/A) vs  (G/G): OR = 1.09, 
95%CI: 0.96-1.24]. When the cancer type subgroups 
were examined, similar results were detected in gastric 
and hepatocellular carcinomas; however, no significant 
association was observed among other digestive sys-
tem cancers. 

CONCLUSION: The TNF-α-308  gene polymorphism 
may be significantly associated with the risk of gastric 
and hepatocellular carcinomas, but not colorectal, pan-
creatic, or oesophageal cancer, in the Asian popula-
tion.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Tumour necrosis factor alpha; rs1800629; 
Polymorphism; Digestive system cancer; Meta-analysis; 
Association

Core tip: Genetic polymorphisms contribute to the risk 
of human malignant tumours. Many studies have re-
ported the relationship between the tumour necrosis 
factor alpha-308 (TNF-α-308) gene polymorphism and 
risk of digestive system cancers. However, the results of 
these studies are inconsistent and contradictory. In this 
meta-analysis, our results suggest that the TNF-α-308  
polymorphism is significantly associated with the risk 
of gastric and hepatocellular carcinomas in the Asian 
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population (dominant model: 95%CI: 1.02-1.34, p  < 
0.05 and 95%CI: 1.20-2.54, p  < 0.05, respectively). 
This finding indicates that certain polymorphisms and 
mutations at TNF-α-308 may increase susceptibility to 
digestive system cancers.

Guo XF, Wang J, Yu SJ, Song J, Ji MY, Cao Z, Zhang JX, Wang 
J, Dong WG. TNF-a-308 polymorphism and risk of digestive 
system cancers: a meta-analysis. World J Gastroenterol 2013; 
19(48): 9461-9471  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i48/9461.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i48.9461

INTRODUCTION
Digestive system cancers are the most common malignant 
tumours worldwide, with 3.4 million new cases each 
year, and their mortality rates have increased gradually 
over the past decade[1,2]. Molecular epidemiology has 
confirmed that carcinogenesis is a complex, multifacto­
rial and multistep event, in which the interaction of  en­
vironmental triggers and genetic susceptibility may play 
an important role. However, the exact mechanism of  
carcinogenesis is still not fully understood.

tumour necrosis factor-alpha (TNF-α), which is ma­
inly produced by macrophages, is a multifunctional cyto­
kine that plays an important role in the pathogenesis of  
inflammatory, autoimmune, and malignant diseases[3]. The 
TNF-α  gene is located in the major histocompatibility 
complex class Ⅲ region on the short arm of  chromosome 
six. Several polymorphisms in the promoter region of  the 
TNF-α  gene have been identified and are implicated in the 
regulation of  TNF-α  transcription[4-5]. The TNF-α -308 
polymorphism (rs1800629) is the most extensively studied 
polymorphism in digestive system cancers[6-9]. However, 
the results of  the studies on TNF-α-308 have been in­
conclusive or inconsistent. Therefore, we conducted a 
meta-analysis to evaluate the association between the 
TNF-α -308 polymorphism and susceptibility to digestive 
system cancers.

MATERIALS AND METHODS
Search strategy
A literature search was conducted using PubMed, Web 
of  Science, Embase and CNKI for studies that were 
published up to December 2012 without language re­
strictions. The relevant studies were identified using 
the following terms: [“tumour necrosis factor alpha or 
TNF alpha or TNF-α”] AND [“genetic polymorphism 
or polymorphisms or variant”] AND [“digestive system 
cancer or gastric cancer or colorectal cancer or hepato­
cellular carcinoma or pancreatic cancer or oesophageal 
cancer”]. The search was restricted to humans. Addition­
al studies were identified by a manual search of  refer­
ences of  original or review articles on this topic. If  more 

than one cancer type was reported in one study, the data 
for each type was extracted separately. If  data or data 
subsets were published in more than one article, only the 
publication with the largest sample size was included.

Inclusion and exclusion criteria
Studies were included if  they met the following criteria: 
(1) studies that evaluated the association between the 
TNF-α -308 polymorphism and digestive system cancer 
risk; (2) studies with a case-control study design; and (3) 
studies with detailed genotype frequencies for cases and 
controls or text that allowed for the calculation of  these 
values. The major exclusion criteria were: (1) case-only 
studies, case reports, or review articles; (2) studies with­
out raw data for the TNF-α -308G/A genotype; and (3) 
studies that compared the TNF-α -308G/A variants in 
precancerous lesions and other cancers.

Data extraction and quality assessment
Two investigators (Guo XF and Wang J) independently 
extracted the data and reached a consensus on each item. 
If  the two investigators generated different results, they 
would check the data again and have a discussion to 
come to an agreement. If  they could not reach an agree­
ment, an expert (Dong WG) was invited to the discus­
sion. The data extracted from the selected articles includ­
ed the first author’s name, year of  publication, country 
of  origin, ethnicity, cancer type, genotyping methods, 
and number of  cases and controls. The ethnicities were 
categorised as Asian or Caucasian. The cancer types were 
categorised as gastric, colorectal, hepatocellular, pancre­
atic, or oesophageal.

Statistical analysis
The meta-analysis was performed using the Cochrane 
Collaboration RevMan 5.1 software (Copenhagen, 2008). 
The association between the risk of  digestive system can­
cers and the TNF-α -308 polymorphism was estimated for 
each study using the odds ratio (OR) and 95%CI. A χ 2 
test-based calculation of  the Q statistic was performed to 
assess the between-study heterogeneity[10]. We also quanti­
fied the effect of  heterogeneity with an I2 test. When the Q 
test was significant (P < 0.05) or I2 > 50%, indicating het­
erogeneity across studies, the random effects model was 
used[11]; otherwise, the fixed effects model was used[12]. Be­
fore estimating the relationship between the TNF-α -308 
polymorphism and digestive system cancer risk, we tested 
whether the genotype frequencies of  the controls were in 
Hardy-Weinberg equilibrium (HWE) using a χ 2 test. We 
first estimated this relationship with the dominant model 
[G/A (GA) + A/A (AA) vs G/G (GG)] and the recessive 
model (AA vs GA + GG) and then with the co-dominant 
model (GA vs GG and AA vs GG). To evaluate the ethnic­
ity-specific and cancer type-specific effects, we performed 
stratification analyses with respect to ethnicity and cancer 
type. Sensitivity analysis was performed to evaluate the 
stability of  the results. Funnel plots were used to evaluate 
publication bias.
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RESULTS
Study characteristics
The search strategy retrieved 564 potentially relevant stud­
ies. According to the inclusion criteria, 55 studies with full-
text were included in this meta-analysis and 509 studies 
were excluded. A flow chart of  the study selection is 
shown in Figure 1. Because the studies of  El-Omar et al[9], 
Guo et al[13] and Jang et al[14] each included separate analy­
ses of  two cancer types, we treated them separately in this 
meta-analysis[9,13,14]. Therefore, as shown in Table 1, there 
were 58 case-control studies from 55 publications on the 
TNF-α -308 polymorphism with a total of  9986 cancer 
cases and 15511 controls. Two ethnicities were addressed: 
27 studies focused on Asian populations, and 31 studies 
focused on Caucasian populations. Five cancer types were 
addressed: 28 studies focused on gastric cancer[6-9,13-36], 10 
studies on colorectal cancer[14,37-45], 15 studies on hepato­
cellular carcinoma[46-60], 3 studies on pancreatic cancer[61-63], 
and 2 studies on oesophageal cancer[9,13]. The genotype 
distribution in the controls was consistent with HWE 
for all of  the selected studies, except for four studies on 
gastric cancer[7,13,33-34], one study on colorectal cancer[43], six 
studies on hepatocellular carcinoma[47,49,51-52,55-56], and one 
study on esophageal cancer[13].

Quantitative data synthesis
Overall, there was a significant difference in the TNF-
α -308G/A genotype distribution between the digestive 
system cancer patients and the controls (dominant model: 
OR = 1.23, 95%CI: 1.09-1.39, P < 0.00001; GA vs GG: 
OR = 1.15, 95%CI: 1.02-1.28, P < 0.0001; AA vs GG: 
OR = 1.44, 95%CI: 1.19-1.73, P = 0.23; recessive model: 

OR = 1.38, 95%CI: 1.15-1.66, P = 0.50) (Table 2, Figure 
2). In the analysis of  the ethnic subgroups, similar results 
were observed in the Caucasian population; but in the 
Asian population, we found that there was no signifi­
cant association between the TNF-α -308 polymorphism 
and the risk of  digestive system cancers in the dominant 
model and heterozygote comparisons (GA + AA vs GG: 
OR = 1.24, 95%CI: 0.99-1.56, GA vs GG: OR = 1.09, 
95%CI: 0.96-1.24) (Table 2, Figure 2). When stratified by 
cancer type, similar results were detected for gastric and 
hepatocellular carcinomas; however, no significant as­
sociation was observed among the other digestive system 
cancer types (Table 2, Figure 3). Furthermore, we found 
that there was significant heterogeneity for the dominant 
model and heterozygote comparisons both overall and 
in the stratified analyses: I2 = 64% and 52% in the overall 
population, I2 = 66% and 45% (P = 0.008) in the Asian 
population, I2 = 64% and 58% in the Caucasian popula­
tion, I2 = 76% and 70% in colorectal cancer, and I2 = 73% 
and 66% in hepatocellular carcinoma. In addition, there 
was evidence of  heterogeneity in gastric cancer (dominant 
model: P = 0.009). Thus, the random effects model was 
employed in the OR calculations. Then, sensitivity analy­
ses were conducted to determine whether modification of  
the inclusion criteria of  the meta-analysis affected the final 
results. We examined the influence of  these studies on the 
pooled OR by repeating the meta-analysis while exclud­
ing the study that was not in HWE. The estimated pooled 
OR did not show a significant change (Table 2), indicating 
that our results are statistically robust. The shapes of  the 
funnel plots did not reveal any evidence of  asymmetry, 
suggesting that there was no publication bias among the 
studies (Figure 4).
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(December 2012) 

(n  = 564)

Evaluate TNF-α-308  polymorphism and 
susceptibility to digestive system cancers

(n  = 81) 

Studies included in this meta-analysis
(n  = 55)

Without control group (n  = 9)
Without available data (n  = 11)

Duplicate study (n  = 6) 

Excluded (n  = 483)

Excluded (n  = 26)

Cancer type Ethnicity

Asian (n  = 27)
Caucasian (n  = 31)

Gastric (n  = 28)
Colorectal (n  = 10)

Hepatocellular (n  = 15)
Pancreatic (n  = 3)
Esophageal (n  = 2)

Reviews, letters and comments (n  = 59)
Not related to digestive system cancers (n  = 206)
Not related to TNF-α-308  polymorphism (n  = 172)

Not human subjects (n  = 46)

Figure 1  Flow chart showing study selection procedure. TNF-α: Tumour necrosis factor-alpha. 
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Case Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
1.1.1 Asian
Chen 104   572   70   381   2.6% 0.99 [0.71.1.38]
Fei     3     56   21   164   0.7%  0.39 [0.11, 1.35]
Guo   24   264   46   437   2.0%  0.85 [0.51, 1.43]
Guo W   25   291   46   437   2.0%  0.80 [0.48, 1.33]
Heneghan   10     98     7     97   1.0%  1.46 [0.53, 4.01]
Ho   37     74   64   289   2.0%  3.52 [2.06, 5.99]
Jang     6     52     7     92   0.8%  1.58 [0.50, 4.99]
Jang WH     3     27     7     92   0.6%  1.52 [0.36, 6.32]
Jeng   28   108     8   108   1.3%    4.38 [1.89, 10.12]
Jeng JE   51   200   12   200   1.6%    5.36 [2.76, 10.42]
Kim   38   237   61   461   2.3%  1.25 [0.81, 1.94]
Kummee     8     50   27   150   1.2%  0.87 [0.37, 2.06]
Lee JY   10   122   17   120   1.3%  0.54 [0.24, 1.24]
Lee SG   44   341   43   261   2.2%  0.75 [0.48, 1.18]
Li C     4     59   36   264   0.9%  0.46 [0.16, 1.35]
Li M   24   180   20   180   1.7%  1.23 [0.65, 2.32]
Lu   36   250   26   300   2.0%  1.77 [1.04, 3.03]
Migita     1     48     5   188   0.3%  0.78 [0.09, 6.83]
Park   25   140   76   328   2.1%  0.72 [0.44, 1.19]
Sakamoto     4   209     5   275   0.7%  1.05 [0.28, 3.97]
Shi   58     88   43     88   1.8%  2.02 [1.10, 3.71]
Sugimoto     4   105     3   172   0.5%    2.23 [0.49, 10.17]
Wang BB   33   230   15   158 1.75%  1.60 [0.84, 3.05]
Wang Y   14   125     7     55   1.1%  0.86 [0.33, 2.28]
Wu M   36   150   40   220   2.1%  1.42 [0.86, 2.36]
Wu MS   41   204   39   210   2.1%  1.10 [0.68, 1.80]
Yang     8     83   34   322   1.3%  0.90 [0.40, 2.03]
Subtotal (95%CI) 4363 6049 39.9%  1.24 [0.99, 1.56]
Total events 679 785
Heterogeneity: Tau2 = 0.21; χ 2 = 76.40, df  = 26 (P  < 0.00001); I 2 = 66%
Test for overall effect: Z  = 1.87 (P  = 0.06)
1.1.2 Caucasian
Akkiz     38   110     11   110   1.5% 4.75 [2.27, 9.92]
Ben-Ari       1     10       6     48   0.3% 0.78 [0.08, 7.28]
Burada     27   105     46   242   2.0% 1.47 [0.86, 2.54]
Canedo   178   508   169   713   2.8% 1.74 [1.35, 2.23]
Crusius     66   236   305 1125   2.6% 1.04 [0.76, 1.43]
Duell     68   260   220   859   2.6% 1.03 [0.75, 1.41]
El-Oma EM     39   161     58   210   2.2% 0.84 [0.52, 1.34]
El-Omar   113   314     58   210   2.4% 1.47 [1.01, 2.16]
Garcia-Gonzalez     95   404     84   404   2.6% 1.17 [0.84, 1.63]
Garrity-Park     62   114     22   114   1.8% 4.99 [2.75, 9.03]
Garza-Gonzalez     63     63   214   215   0.1%   0.89 [0.04, 22.07]
Glas     22     88     40   145   1.8% 0.88 [0.48, 1.60]
Hou   119   305   124   428   2.7% 1.57 [1.15, 2.14]
Kamanger     26   112     54   208   2.0% 0.86 [0.50, 1.48]
Landi     85   363     86   320   2.5% 0.83 [0.59, 1.18]
Macarthur     89   246   165   389   2.6% 0.77 [0.55, 1.07]
Machado   108   287     73   304   2.5% 1.91 [1.34, 2.72]
Melo       6     30     14   100   0.9% 1.54 [0.53, 4.42]
Morgan     17   168     12   161   1.4% 1.40 [0.65, 3.03]
Niro       6     30     21     96   1.0% 0.89 [0.32, 2.47]
Ognjanovic     28   118     49   225   2.0% 1.12 [0.66, 1.90]
Perri     32   184     72   362   2.2% 0.85 [0.54, 1.34]
Rocha     41   161   136   535   2.4% 1.00 [0.67, 1.50]
Suchy     96   350   102   350   2.6% 0.92 [0.66, 1.28]
Talar-wojnarowska     15     41     19     50   1.2% 0.94 [0.40, 2.21]
Theodoropoulos     70   222     54   200   2.3% 1.25 [0.82, 1.90]
Torres       3     44     10     66   0.6% 0.41 [0.11, 1.58]
Toth     51   183     30   141   2.0% 1.43 [0.85, 2.40]
tsilidis     58   204     97   372   2.4% 1.13 [0.77, 1.65]
Wu GY     22     73     32   116   1.7% 1.13 [0.59, 2.16]
Zambon     34   129   148   644   2.3% 1.20 [0.78, 1.85]
Subtotal (95%CI) 5623 9462 60.1% 1.21 [1.05, 1.40]
Total events 1678 2531
Heterogeneity: Tau2 = 0.09; χ 2 = 82.42, df  = 30 (P  < 0.00001); I 2 = 64%
Test for overall effect: Z  = 2.65 (P  = 0.008)

Total (95%CI) 9986 15511 100% 1.23 [1.09, 1.38]
Total events 2357 3316
Heterogeneity: Tau2 = 0.12; χ 2 = 158.83, df  = 57 (P  < 0.00001); I 2 = 64%
Test for overall effect: Z  = 3.28 (P  = 0.001)
Test for subgroup differences: χ 2 = 0.03, df  = 1 (P  = 0.86); I 2 = 0%

0.5          0.7             1              1.5         2
Favours experimental Favours control

Figure 2  
Subgroup 
analysis 
of tumour 
necrosis 
factor α-308 
polymorphism 
by ethnicity 
(dominant 
model).
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Case Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
1.2.1 Gastric cancer
Burada     27   105     46   242 2.0% 1.47 [0.86, 2.54]
Canedo   178   508   169   713 2.8% 1.74 [1.35, 2.23]
Crusius     66   236   305 1125 2.6% 1.04 [0.76, 1.43]
El-Omar   113   314     58   210 2.4% 1.47 [1.01, 2.16]
Fei       3     56     21   164 0.7% 0.39 [0.11, 1.35]
Garcia-Gonzalez     95   404     84   404 2.6% 1.17 [0.84, 1.63]
Garza-Gonzalez     63     63   214   215 0.1%   0.89 [0.04, 22.07]
Glas     22     88     40   145 1.8% 0.88 [0.48, 1.60]
Guo     24   264     46   437 2.0% 0.85 [0.51, 1.43]
Hou     119   305   124   428 2.7% 1.57 [1.15, 2.14]
Jang       6     52       7     92 0.8% 1.58 [0.50, 4.99]
Kamanger     26   112     54   208 2.0% 0.86 [0.50, 1.48]
Kim     38   237     61   461 2.3% 1.25 [0.81, 1.94]
Lee JY     10   122     17   120 1.3% 0.54 [0.24, 1.24]
Lee SG     44   341     43   261 2.2% 0.75 [0.48, 1.18]
Li C       4     59     36   264 0.9% 0.46 [0.16, 1.35]
Lu     36   250     26   300 2.0% 1.77 [1.04, 3.03]
Machado     108   287     73   304 2.5% 1.91 [1.34, 2.72]
Melo       6     30     14   100 0.9% 1.54 [0.53, 4.42]
Morgan     17   168     12   161 1.4% 1.40 [0.65, 3.03]
Perri     32   184     72   362 2.2% 0.85 [0.54, 1.34]
Rocha     41   161   136   535 2.4% 1.00 [0.67, 1.50]
Sugimoto       4   105       3   172 0.5%   2.23 [0.49, 10.17]
Torres       3     44     10     66 0.6% 0.41 [0.11, 1.58]
Wu M     36   150     40   220 2.1% 1.42 [0.86, 2.36]
Wu MS     41   204     39   210 2.1% 1.10 [0.68, 1.80]
Yang       8     83     34   322 1.3% 0.90 [0.40, 2.03]
Zambon     34   129   148   644 2.3% 1.20 [0.78, 1.85]
Subtotal (95%CI) 5061 8885 49.6% 1.17 [1.02, 1.34]
Total events 1204 1932
Heterogeneity: Tau2 = 0.05; χ 2 = 47.60, df  = 27 (P  = 0.009); I 2 = 43%
Test for overall effect: Z  = 2.32 (P  = 0.02)

1.2.2 Colorectal cancer
Garrity-Park 62 114   22 114   1.8% 4.99 [2.75, 9.03]
Jang WH   3   27     7   92   0.6% 1.52 [0.36, 6.32]
Landi 85 363   86 320   2.5% 0.83 [0.59, 1.18]
Li M 24 180   20 180   1.7% 1.23 [0.65, 2.32]
Macarthur 89 246 165 389   2.6% 0.77 [0.55, 1.07]
Park 25 140   76 328   2.1% 0.72 [0.44, 1.19]
Suchy 96 350 102 350   2.6% 0.92 [0.66, 1.28]
Theodoropoulos 70 222   54 200   2.3% 0.25 [0.82, 1.90]
Toth 51 183   30 141   2.0% 1.43 [0.85, 2.40]
Tsilidis 58 204   97 372   2.4% 1.13 [0.77, 1.65]
Subtotal (95%CI) 2029 2486 20.7% 1.17 [0.87, 1.57]
Total events 563 659
Heterogeneity: Tau2 = 0.16; χ 2 = 37.06, df  = 9 (P  < 0.00001); I 2 = 76%
Test for overall effect: Z  = 1.02 (P  = 0.31)

1.2.3 Hepatocellular carcinoma
Akkiz   38   110 11   110   1.5% 4.75 [2.27, 9.92]
Ben-Ari     1     10   6     48   0.3% 0.78 [0.08, 7.28]
Chen 104   572 70   381   2.6% 0.99 [0.71, 1.38]
Heneghan   10     98   7     97   1.0% 1.46 [0.53, 4.01]
Ho   37     74 64   289   2.0% 3.52 [2.06, 5.99]
Jeng   28   108   8   108   1.3%   4.38 [1.89, 10.12]
Jeng JE   51   200 12   200   1.6%   5.36 [2.76, 10.42]
Kummee     8     50 27   150   1.2% 0.87 [0.37, 2.06]
Migita     1     48   5   188   0.3% 0.78 [0.09, 6.83]
Niro     6     30 21     96   1.0% 0.89 [0.32, 2.47]
Ognjanovic   28   118 49   225   2.0% 1.12 [0.66, 1.90]
Sakamoto     4   209   5   275   0.7% 1.05 [0.28, 3.97]
Shi   58     88 43     88   1.8% 2.02 [1.10, 3.71]
Wang BB   33   230 15   158   1.7% 1.60 [0.84, 3.05]
Wang Y   14   125   7     55   1.1% 0.86 [0.33, 2.28]
Subtotal (95%CI) 2070 2468 19.9% 1.74 [1.20, 2.54]
Total events 421 350
Heterogeneity: Tau2 = 0.35; χ 2 = 51.15, df  = 14 (P  < 0.00001); I 2 = 73%
Test for overall effect: Z  = 2.89 (P  = 0.004)
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DISCUSSION
TNF, an important pro-inflammatory cytokine, plays an 
important role in the regulation of  cell differentiation, 
proliferation and death as well as in inflammation and the 
innate and adaptive immune response. TNF has also been 
implicated in a wide variety of  human diseases. The pres­
ence of  DNA sequence variations in the regulatory region 
might interfere with transcription of  the TNF gene, influ­
encing the circulating level of  TNF and thus increasing 
susceptibility to human diseases, such as cancer[64]. The 
TNF enhancer polymorphism has been implicated in sev­
eral diseases, and the TNF-α -308 polymorphism has been 
described as the most important TNF polymorphism in 
human disease susceptibility. The significance of  these 
polymorphisms reflects their possible influence on the 
transcription of  the TNF gene. However, the results of  
studies in this area are inconsistent. Canedo et al[7] found 

that the TNF-α -308G/A polymorphism increases the 
risk of  gastric carcinoma. However, some studies have 
reported that no statistically significant association exists 
between the TNF-α -308G/A polymorphism and cancer 
risk[14,20]. 

The current meta-analysis, which included 58 case-
control studies and 25497 subjects, was conducted to ex­
plore the association of  the TNF-α -308 polymorphism 
with digestive system cancer risk. Overall, a significant 
association was identified between the TNF-α -308 poly­
morphism and the risk of  digestive system cancers. 
When the analysis was stratified by ethnicity, we found 
a statistically significant association between this poly­
morphism and the risk of  these cancers in the Cauca­
sian population. However, no significant association 
was observed in the dominant model and heterozygote 
comparisons in the Asian population, which could be 
due to ethnic differences. When the analysis was strati­
fied by cancer type, we found a significant association 
between this polymorphism and gastric and hepatocellu­
lar carcinoma risk under all four genetic models, but no 
significant association was observed among colorectal, 
pancreatic or oesophageal cancer. 

Heterogeneity is a potential problem when interpret­
ing the results of  meta-analyses. In this meta-analysis, 
heterogeneity was found in the dominant model and 
heterozygote comparisons in both the overall and sub­
group analyses; thus, the random effects model was 
used. Sensitivity analyses were also conducted by exclud­
ing the study that was not in HWE. With this exclusion, 
the estimated pooled OR did not change significantly, 
strengthening our confidence in our results. This find­
ing suggests that the population selection and the study 
that was not in HWE were not sources of  heterogeneity. 
Alternatively, lifestyle, environment and other unknown 
factors may be sources of  heterogeneity. Moreover, no 
publication bias was shown, suggesting that our results 
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1.2.4 Pancreatic cancer
Duell 68 260 220   859 2.6% 1.03 [0.75, 1.41]
Talar-wojnarowska 15   41   19     50 1.2% 0.94 [0.40, 2.21]
Wu GY 22   73   32   116 1.7% 1.13 [0.59, 2.16]
Subtotal (95%CI) 374 1025 5.6% 1.04 [0.79, 1.36]
Total events 105 271
Heterogeneity: Tau2 = 0.00; χ 2 = 0.12, df  = 2 (P  = 0.94); I 2 = 0%
Test for overall effect: Z  = 0.26 (P  = 0.79)

1.2.5 Esophageal cancer
El-Oma EM 39 161   58 210 2.2% 0.84 [0.52, 1.34]
Guo W 25 291   46 437 2.0% 0.80 [0.48, 1.33]
Subtotal (95%CI) 452 647 4.2% 0.82 [0.58, 1.16]
Total events 64 104
Heterogeneity: Tau2 = 0.00; χ 2 = 0.02, df  = 1 (P  = 0.89); I 2 = 0%
Test for overall effect: Z  = 1.13 (P  = 0.26)

Total (95%CI) 9986 15511 100% 1.23 [1.09, 1.38]
Total events 2357 3316
Heterogeneity: Tau2 = 0.12; χ 2 = 158.83, df  = 57 (P  < 0.00001); I 2 = 64%
Test for overall effect: Z  = 3.28 (P  = 0.001)
Test for subgroup differences: χ 2 = 9.00, df  = 4 (P  = 0.06); I 2 = 55.6%
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Figure 3  Subgroup analysis of tumor necrosis factor α-308 polymorphism by cancer type (dominant model).

Figure 4  Funnel plots analysis to detect publication bias. Each point repre-
sents an independent study for the indicated association.
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Table 1  Characteristics of studies included in the meta-analysis

are accurate. 
Some limitations of  this meta-analysis should be ad­

dressed. First, the number of  published studies, especially 
for oesophageal and pancreatic cancers, was not suf­
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Ref. Year Country Ethnicity Cancer type Genotyping method Case Control P

Total GG GA AA Total GG GA AA
Burada et al[6] 2012 Romania Caucasian Gastric TaqMan 105   78     26   1   242 196     44     2 0.78
Canedo et al[7] 2008 Portugal Caucasian Gastric TaqMan 508 330 1781   713 544 1691 NA
Crusius et al[8] 2008 Spain Caucasian Gastric Real-time PCR 236 170     64   2 1125 820   274   31     0.17
El-Omar et al[9] 2003 United States Caucasian Gastric TaqMan 314 201     87 26   210 152     52     6     0.55
Guo et al[13] 2005 China Asian Gastric PCR-RFLP 264 240     20   4   437 391     40     6 < 0.01
Jang et al[14] 2001 South Korea Asian Gastric PCR-RFLP   52   46       4   2   92   85       7     0     0.70
Fei et al[15] 2004 China Asian Gastric PCR   56   53       3   0   164 143     20     1     0.74
Garcia-Gonzalez et al[16] 2007 Spain Caucasian Gastric TaqMan 404 309     84 11   404 320     77     7     0.35
Garza-Gonzalez et al[17] 2005 Mexico Caucasian Gastric PCR-RFLP   63     0       8 55   215     1     35 179     0.61
Glas et al[18] 2004 Germany Caucasian Gastric PCR-RFLP   88 66     19   3   145 105     36     4     0.67
Hou et al[19] 2007 Poland Caucasian Gastric TaqMan 305 186     98 21   428 304   109   15     0.19
Kamangar et al[20] 2006 Finland Caucasian Gastric TaqMan 112   86     23   3   208 154     52     2     0.29
Kim et al[21] 2006 South Korea Asian Gastric PCR-RFLP 237 199     34   4   461 400     59     2     0.91
Lee et al[22] 2004 South Korea Asian Gastric PCR 341 297     43   1   261 218     42     1     0.49
Lee et al[23] 2005 South Korea Asian Gastric PCR-RFLP 122 112     10   0   120 103     17     0     0.40
Li et al[24] 2005 China Asian Gastric PCR-RFLP   59   55       4   0   264 228     34     2     0.56
Lu et al[25] 2005 China Asian Gastric PCR-DHPLC 250 214     36   0   300 274     24     2     0.08
Machado et al[26] 2003 Portugal Caucasian Gastric PCR-SSCP 287 179   105   3   304 231     69     4     0.65
Melo et al[27] 2009 Brazil Caucasian Gastric PCR-RFLP   30   24       5   1   100   86     13     1     0.53
Morgan et al[28] 2006 Honduras Caucasian Gastric TaqMan 168 151     17   0   161 149     12     0     0.62
Perri et al[29] 2005 Italy Caucasian Gastric PCR-RFLP 184 152     30   2   362 290     65     7     0.15
Rocha et al[30] 2005 Brazil Caucasian Gastric PCR-RFLP 161 120     37   4   535 399   123   13     0.34
Sugimoto et al[31] 2007 Japan Asian Gastric PCR-RFLP 105 101       4   0   172 169       3     0     0.91
Torres et al[32] 2004 Colombia Caucasian Gastric PCR   44   41       3   0     66   56     10     0     0.51
Wu et al[33] 2002 China Asian Gastric Direct sequencing 150 114     27   9   220 180     27   13 < 0.01
Wu et al[34] 2004 China Asian Gastric Direct sequencing 204 163     29 12   210 171     26   13 < 0.01
Yang et al[35] 2009 South Korea Asian Gastric SNaPshot   83   75       8   0   322 288     34     0     0.32
Zambon et al[36] 2005 Italy Caucasian Gastric TaqMan 129   95     31   3   644 496   138   10     0.91
Garrity-Park et al[37] 2008 Ireland Caucasian Colorectal PCR, sequencing 114   52     49 13   114   92     20     2     0.46
Jang et al[14] 2001 South Korea Asian Colorectal PCR-RFLP   27   24       3   0     92   85       7     0     0.70
Landi et al[38] 2003 Spain Caucasian Colorectal TaqMan 363 278     80   5   320 234     76   10     0.22
Li M et al[39] 2011 China Asian Colorectal PCR-RFLP 180 156     15   9   180 160     19     1     0.60
Macarthur et al[40] 2005 Scotland Caucasian Colorectal TaqMan 246 157     74 15   389 224   145   20     0.58
Park et al[41] 1998 South Korea Asian Colorectal PCR-RFLP 140 115     24   1   328 252     72     4     0.65
Suchy et al[42] 2008 Poland Caucasian Colorectal PCR-RFLP 350 254     87   9   350 248     95     7     0.55
Theodoropoulos et al[43] 2006 Greece Caucasian Colorectal PCR-RFLP 222 152     56 14   200 146     44   10     0.01
Toth et al[44] 2007 Hungary Caucasian Colorectal PCR-SSP 183 132     48   3   141 111     30     0     0.16
Tsilidis et al[45] 2009 United States Caucasian Colorectal TaqMan 204 146     55   3   372 275     90     7     0.91
Akkiz et al[46] 2009 Turkey Caucasian Hepatocellular PCR-RFLP 110   72     35   3   110   99     11     0     0.58
Ben-Ari et al[47] 2003 United States Caucasian Hepatocellular PCR-SSP   10     9     11     48   42     61 NA
Chen et al[48] 2005 China Asian Hepatocellular TaqMan 572 468     95   9   381 311     67     3     0.77
Heneghan et al[49] 2003 China Asian Hepatocellular ASO-PCR   98   88     10   0     97   90       6     1     0.03
Ho et al[50] 2004 China Asian Hepatocellular PCR-RFLP   74   37     34   3   289 225     62     2     0.30
Jeng et al[51] 2007 China Asian Hepatocellular PCR-SSO 108   80   281   108 100     81 NA
Jeng JE et al[52] 2009 China Asian Hepatocellular PCR-SSO 200 149   511   200 188   121 NA
Kummee et al[53] 2007 Thailand Asian Hepatocellular PCR-RFLP   50   42       8   0   150 123     26     1     0.77
Migita et al[54] 2005 Japan Asian Hepatocellular PCR-SSP   48   47       1   0   188 183       5     0     0.85
Niro et al[55] 2005 Italy Caucasian Hepatocellular Direct sequencing   30   24     61     96   75   211 NA
Ognjanovic et al[56] 2009 United States Caucasian Hepatocellular TaqMan 118   90   281   225 176   491 NA
Sakamoto et al[57] 2008 Japan Asian Hepatocellular PCR-RFLP 209 205       4   0   275 270       5     0     0.88
Shi et al[58] 2011 China Asian Hepatocellular PCR-RFLP   88   30     43 15     88   45     35     8     0.75
Wang et al[59] 2003 Japan Asian Hepatocellular Direct sequencing 125 111     13   1     55   48      6     1     0.16
Wang et al[60] 2010 China Asian Hepatocellular PCR-SSO 230 197     30   3   158 143     15     0     0.53
Duell et al[61] 2006 United States Caucasian Pancreatic PCR-RFLP 260 192     63   5   859 639   198   22     0.16
Talor-wojnarowska et al[62] 2009 Poland Caucasian Pancreatic PCR-RFLP   41   26     12   3     50   31     17     2     0.86
Wu GY et al[63] 2010 Germany Caucasian Pancreatic PCR-RFLP   73   51     20   2   116   84     30     2     0.72
El-Omar et al[9] 2003 United States Caucasian Esophageal TaqMan 161 122     34   5   210 152     52     6     0.55

Guo et al[13] 2005 China Asian Esophageal PCR-RFLP 291 266     21   4   437 391     40     6 < 0.01

1Numbers of GA+AA. PHWE was calculated by goodness-of fit χ 2-test, and PHWE < 0.05 was considered statistically significant. PCR-DHPLC: polymerase 
chain reaction-based denaturing high-performance liquid chromatography; HWE: Hardy-Weinberg equilibrium; NA: not available; GG: Guanine/Gua-
nine; GA: Guanine/Adenine; AA: Adenine/Adenine; PCR-RFLP: polymerase chain reaction-restriction fragment length polymorphism.
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Table 2  Stratified analysis of the tumor necrosis factor alpha polymorphism and digestive system cancers risk

ficiently large for a comprehensive analysis, and some 
studies with small sample sizes may not have enough 
statistical power to prove authentic associations. There­
fore, our analysis should be interpreted with caution, and 
more studies are needed. Second, our results were based 
on unadjusted estimates, and lack of  information for the 
data analysis may cause serious confounding bias. Third, 
significant heterogeneity was found in some models, 
which may lead to failure to confirm marginal associa­
tions. In spite of  these limitations, our meta-analysis had 
several advantages. First, a substantial number of  cases 
and controls were pooled from different studies, which 
significantly increased the statistical power of  the analy­
sis. Second, the quality of  the case-control studies in­
cluded in the current meta-analysis was satisfactory and 
met our inclusion criteria. Third, we did not detect any 
publication bias, suggesting that the whole pooled result 
is unbiased.

In summary, this meta-analysis suggests that the 
TNF-α-308 polymorphism increases susceptibility to di­
gestive system cancers in the Caucasian population. The 
TNF-α-308 AA genotype is closely related to the risk of  
digestive system cancers in people of  Asian descent. The 
TNF-α-308 polymorphism may be significantly associated 
with the risk of  gastric and hepatocellular carcinomas, 
but not colorectal, pancreatic, or oesophageal cancer. Fu­
ture studies should use standardised unbiased genotyping 
methods, examine homogeneous cancer patients and well-
matched controls, and include multiethnic groups.
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Abstract
AIM: To clarify the current understanding of the asso-
ciation between interleukin-10 (IL-10 ) polymorphisms 
and the risk of irritable bowel syndrome (IBS).

METHODS: We searched for studies in any language 
recorded in PubMed, Embase and Cochrane library be-
fore August 2013. The associations under allele contrast 
model, codominant model, dominant model, and reces-
sive model were analyzed. The strengths of the associa-
tion between IL-10  polymorphisms and IBS risk were 
estimated using odds ratios (OR) with 95% confidence 
interval (CI). Fixed effects model was used to pool the 
result if the test of heterogeneity was not significant, 
otherwise the random-effect model was selected.

RESULTS: Eight case-control studies analyzing three 

single-nucleotide polymorphisms rs1800870 (-1082 A/G), 
rs1800871 (-819C/T), and rs1800872 (-592A/C) of the 
IL-10  gene, which involved 928 cases and 1363 con-
trols, were eligible for our analysis. The results showed 
that rs1800870 polymorphisms were associated with 
a decreased risk of IBS (GG+GA vs  AA: OR = 0.80, 
95%CI: 0.66-0.96), (AA+GA vs  GG: OR = 0.68, 95%CI: 
0.52-0.90). Subgroup analysis revealed such association 
only existed in Caucasian ethnicity (AA+GA vs  GG, OR = 
0.70, 95%CI: 0.55-0.89). The rs1800872 polymorphisms 
were associated with an increased risk of IBS in Asian 
ethnicity (CC vs  GG: OR = 1.29, 95%CI: 1.01-1.16). 
There were no associations between rs1800871 poly-
morphisms and the IBS risk.

CONCLUSION: The results suggest that IL-10 rs1800870 
confers susceptibility to the risk of IBS in Caucasian 
ethnicity, and the rs1800872 may associate with IBS 
risk in Asians. However, no significant associations are 
found between rs1800871 and IBS risk.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Interleukin-10; Irritable bowel syndrome; 
Gene polymorphism; Case-control; Meta-analysis

Core tip: Interleukin-10 (IL-10 ) polymorphisms have 
been identified as a biomarker causally associated 
with occurrence of irritable bowel syndrome (IBS) and 
receives extensive interest. However, its relationship 
with IBS remains obscure. In this paper, after combing 
the data from 8 case-control studies with 928 cases 
and 1363 controls, the authors found that the IL-10 
rs1800870 confers susceptibility to the risk of IBS in 
Caucasian ethnicity, and the rs1800872 may associate 
with IBS risk in Asians. However, no significant asso-
ciations are found between rs1800871 and IBS risk.

META-ANALYSIS

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v19.i48.9472

World J Gastroenterol  2013 December 28; 19(48): 9472-9480
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.



Qin SY, Jiang HX, Lu DH, Zhou Y. Association of interleu-
kin-10 polymorphisms with risk of irritable bowel syndrome: A 
meta-analysis. World J Gastroenterol 2013; 19(48): 9472-9480  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v19/i48/9472.htm  DOI: http://dx.doi.org/10.3748/wjg.v19.
i48.9472

INTRODUCTION
Irritable bowel syndrome (IBS) is a type of  functional 
gastrointestinal disorder that has a multi-factorial origin. 
The exact pathophysiology leading to the occurrence of  
IBS is largely unknown, although inflammatory reactions 
are believed to play an important role in its pathogen-
esis. In some animal studies, researchers have found that 
inflammatory responses can alter the function of  gut 
smooth muscles, enteric nerves, and interstitial cells of  
Cajal[1-3]. Moreover, IBS patients show an increase in the 
number of  inflammatory cells in the gut[4-6]. The cluster-
ing of  IBS in families and the results from twin studies 
have also provided evidence for a role of  hereditary fac-
tors in the propensity of  developing IBS[7,8]. 

Cytokines are important modulators of  immune re-
sponses and inflammatory reactions and play a central 
role in intestinal inflammation[9]. The production of  cy-
tokines can be affected by genetic polymorphisms within 
the coding and promoter regions of  cytokine genes[10,11]. 
Therefore, a genetic predisposition for the high or low 
production of  a particular cytokine may affect disease 
susceptibility and clinical outcome[12,13]. Interleukin 10 
(IL-10), also known as a human cytokine synthesis inhibi-
tory factor, is an anti-inflammatory cytokine capable of  
inhibiting the synthesis of  proinflammatory cytokines, 
such as interferon-γ, IL-2, IL-3, and tissue necrosis 
factor-α, which are produced by macrophages and regu-
latory T-cells[14]. Several studies have shown that serum 
IL-10 levels are significantly lower in IBS patients than in 
normal controls, suggesting that altered IL-10 levels may 
be involved in the pathogenesis of  IBS and may be an 
IBS biomarker[15-17]. 

Some reports[18-21] have also indicated a significant as-
sociation between IL-10 polymorphisms and IBS risk; 
however, other studies[13,22-24] have failed to find such 
associations. Generally, this disparity may be partly due 
to ethnic differences or to the limited numbers of  sub-
jects involved in the studies. Therefore, the relationship 
between IBS risk and IL-10 polymorphisms is not con-
firmed and needs further study with a large, genetically 
homogenous sample. The current study is a comprehen-
sive meta-analysis performed to further evaluate the as-
sociations between IL-10 polymorphisms and the risk of  
IBS.

MATERIALS AND METHODS
Search strategy and study selection
All methods were based on the guidelines proposed by 

the Human Genome Epidemiology Network for system-
atic reviews of  genetic association studies, and followed 
the PRISMA guidelines[25]. A systematic literature search 
was performed using PubMed, Embase, the Cochrane 
Library, Google Scholar databases, Chinese National 
Knowledge Infrastructure (CNKI), and conference ab-
stracts to identify published studies evaluating genetic 
association between IL-10 polymorphisms and IBS risk 
published prior to August 2013; letters and abstracts were 
included. The Medical Subject Headings and text words 
used for the search were “interleukin-10” or “IL-10”, 
“polymorphism,” and “irritable bowel syndrome” or 
“IBS”. Search results were limited to human studies. All 
languages were searched, and the retrieved articles were 
translated, when necessary. The references of  the identi-
fied publications were searched for additional studies, and 
the MEDLINE option for searching for related articles 
was used to examine all relevant articles. 

Inclusion and exclusion criteria
Studies were included if  they (1) examined the associa-
tion between IL-10 polymorphisms and IBS risk; (2) 
had a case-control design; and (3) contained sufficient 
information on genotype frequency. To achieve adequate 
statistical power, only single-nucleotide polymorphisms 
(SNPs) reported in > 2 publications were selected. For 
studies describing results from the same or overlapping 
groups of  subjects or controls, but reported in > 1 publi-
cation, only the largest published data set was included.

Studies were excluded if  they did not evaluate the 
association between IL-10 polymorphisms and the risk 
of  IBS or if  the genotype and allele frequency was inad-
equately reported, and such data could not be obtained 
by contacting the authors. Studies reporting associations 
with SNPs described by fewer than 3 publications were 
also excluded. In the event of  duplicate publications, the 
smaller data set was excluded.

Data extraction
Two investigators independently extracted data from the 
identified publications, including the first author’s name, 
year of  publication, source of  publication, diagnostic 
criteria for IBS, method of  genotyping, number of  cases 
and controls, genotype frequency, and allele frequency. 
Discrepancies in data extraction were resolved by repeat-
ing the study review and discussing the results.

Statistical analysis
Associations found with the allele contrast, codominant, 
dominant, and recessive models were analyzed. The 
strengths of  the associations between IL-10 polymor-
phisms and risk of  IBS were estimated using odds ratios 
(OR) with 95% confidence interval (CI). We assessed 
the heterogeneity among the studies using the Cochran’
s Q-test. We also calculated the inconsistency index I2 to 
quantify heterogeneity[26]. A fixed effects model (P > 0.05) 
was used to pool the results if  a heterogeneity test was 
not significant, otherwise a random-effects model was 
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used (P < 0.05)[27,28]. Subgroup analyses were performed 
to investigate narrower subsets of  studies.

A Hardy-Weinberg equilibrium (HWE) was applied 
to the control population to evaluate data quality. The 
HWE analysis for genotype distribution among control 
populations was performed using a Chi-squared test. 
Further, a sensitivity analysis was performed to exclude 
studies that were not in HWE[29]. An asymmetric plot 
was used to suggest possible publication biases. Publi-
cation bias was examined using the Begg’s and Egger’
s tests for each SNP publication[30,31]. All statistical tests 
were two-sided, and a P value < 0.05 was considered sta-
tistically significant. STATA, version 11.2 (Stata, College 
Station, TX, United States), was used for all statistical 
analyses.

RESULTS
Study selection process
The initial search yielded 28 studies; 15 were excluded 
because they were review articles, animal studies, or 
non-case-control design studies. After screening the full 
text of  the remaining 13 studies, an additional 5 studies 
were excluded; of  these, 4 explored SNPs reported by 
< 3 studies and one[19] did not provide sufficient geno-
type frequency data, even after contacting the original 
authors. Thus, a total of  8 case-control studies[18-24,32], 
involving 928 cases and 1363 controls, were included in 
the present meta-analysis. The studies analyzed 3 IL-10 
SNPs, rs1800870 (1082 A/G), rs1800871 (819 C/T), and 

rs1800872 (592 A/C). Figure 1 provides a summary of  
the selection process.

Characteristics of included studies
One study selected IBS patients using the Rome Ⅰ criteria, 
3 used the Rome Ⅱ criteria, and the other 4 studies used 
the Rome Ⅲ criteria. Patients from 4 studies[18-21] were 
Caucasians, and 4 studies involved Asians[22-24,32]. The char-
acteristics of  the 8 studies and the results of  the HWE 
test for the distribution of  the genotype in the control 
population are shown in Table 1. 

IL-10 rs1800870 and IBS risk
Seven studies[13,18,20-24], involving 616 IBS subjects and 
1038 controls, analyzed the association between the 
IL-10 rs1800870 polymorphism and IBS risk. The dis-
tribution of  the controls in 2 studies[20,21] deviated from 
the HWE. Overall, the GG+GA vs AA (OR = 0.80, 
95%CI: 0.66-0.96, P = 0.018) and AA+GA vs GG (OR 
= 0.68, 95%CI: 0.52-0.90, P = 0.007) models presented 
a decreased risk of  IBS. Little heterogeneity was found 
in the AA+GA vs GG model (I2 = 0.0%, P = 0.542) by 
the I2 test and Q-test; however, there was significant het-
erogeneity in the GG+GA vs AA (I2 = 79.4%, P = 0.000) 
model. There were no significant associations between 
the GG vs AA (P = 0.523) and G vs A (P = 0.892) mod-
els and IBS risk. Egger’s and Begg’s tests suggested little 
publication bias in the 4 models (all, P > 0.05) (Table 
2, Figure 2A). In the sensitivity analysis, after removing 
2 studies[20,21] in which the controls deviated from the 
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Figure 1  Flow chart of study selection. 
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Table 1  Characteristic of individual studies in the meta-analysis

Ref. Year Country/ethnicity SNP of IL-10 IBS/controls Genotyping methods Diagnostic criteria HWE of control

Gonsalkorale et al[21] 2003 United Kingdom rs1800870 230/450 PCR-SSP Rome I 0.000
van der Veek et al[13] 2005 Netherlands rs1800870 111/128 PCR-RFLP Rome Ⅱ 0.707
Wang et al[24] 2006 China rs1800870 43/41 PCR-RFLP Rome Ⅱ 0.678
Barkhordari et al[18] 2010 Iran rs1800870   70/140 PCR-SSP Rome Ⅲ 0.041
Lee et al[22] 2010 South Korea rs1800870 94/88 PCR-RFLP Rome Ⅲ 0.707
Santhosh et al[23] 2010 Indian rs1800870 23/20 PCR-SSP Rome Ⅱ 0.717
Romero-Valdovinos et al[20] 2012 Mexico rs1800870   45/173 PCR-RFLP Rome Ⅲ 0.000
Wang et al[24] 2006 China rs1800871 43/41 PCR-RFLP Rome Ⅱ 0.619
Barkhordari et al[18] 2010 Iran rs1800871   70/140 PCR-SSP Rome Ⅲ 0.907
Santhosh et al[23] 2010 China rs1800871 23/20 PCR-SSP Rome Ⅱ 0.662
Romero-Valdovinos et al[20] 2012 Mexico rs1800871   45/173 PCR-RFLP Rome Ⅲ 0.920
Wang et al[24] 2006 China rs1800872 43/41 ARMS-PCR Rome Ⅱ 0.619
Barkhordari et al[18] 2010 Iran rs1800872   70/140 PCR-RFLP Rome Ⅲ 0.97
Jiang et al[32] 2010 China rs1800872 312/325 PCR-SSP Rome Ⅲ 0.255
Santhosh et al[23] 2010 Indian rs1800872 23/20 PCR-SSP Rome Ⅱ 0.438
Romero-Valdovinos et al[20] 2012 Mexico rs1800872   45/173 PCR-RFLP Rome Ⅲ 0.018

SNP: Single nucleotide polymorphism; HWE: Hardy-Weinberg equilibrium; IBS: Irritable bowel syndrome; PCR: Polymerase chain reaction; SSP: Sequence 
specific primer; RFLP: Restriction fragment length polymorphism; ARMS: Amplification refractory mutation system. 

Table 2  Summary odds ratios of polymorphisms with irritable bowel syndrome risk

P value OR (95%CI) I 2 P  heterogeneity Begg’ test Egger test

rs1800870
   GG vs AA 0.338 1.11 (0.89-1.39)   0.0% 0.950 1.000 0.694
   Caucasian[13,18,20,21] 0.228 1.19 (0.90-1.58)   0.0% 0.776
   Asian[22-24] 0.963 1.01 (0.71-1.42)   0.0% 0.999
   GG+GA vs AA 0.018 0.80 (0.66-0.96) 79.4% 0.000 1.000 0.200
   Caucasian 0.003 0.70 (0.55-0.89) 88.5% 0.000
   Asian 0.860 1.03 (0.74-1.43)   0.0% 0.990
   AA+GA vs GG 0.007 0.68 (0.52-0.90)   0.0% 0.542 1.000 0.899
   Caucasian 0.008 0.69 (0.52-0.91)   0.0% 0.415
   Asian 0.478 0.31 (0.01-7.76) - -
   G vs A 0.815 1.01 (0.90-1.14)   0.0% 0.720 0.764 0.773
   Caucasian 0.799 1.02 (0.89-1.16) 17.1% 0.306
   Asian 0.976 1.00 (0.80-1.260   0.0% 0.974
rs1800871
   AA vs GG 0.698 0.90 (0.53-1.54)   0.0% 0.440 0.308 0.326
   Caucasian[18,20] 0.205 0.56 (0.23-1.37) 22.6% 0.255
   Asian[23,24] 0.530 1.25 (0.62-2.54)   0.0% 0.969
   AA+GA vs GG 0.969 0.99 (0.61-1.60) 32.4% 0.218 0.308 0.146
   Caucasian 0.182 0.58 (0.26-1.29)   0.0% 0.365
   Asian 0.252 1.45 (0.77-2.76)   0.0% 0.364
   GG+GA vs AA 0.651 0.92 (0.64-1.33)   0.0% 0.720 0.734 0.080
   Caucasian 0.985 1.00 (0.68-1.49)   0.0% 0.906
   Asian 0.219 0.54 (0.20-1.45)   0.0% 0.967
   A vs G 0.496 1.09 (0.85-1.38)   0.0% 0.809 1.000 0.924
   Caucasian 0.939 1.01 (0.75-1.37)   0.0% 0.631
   Asian 0.314 1.23 (0.83-1.82)   0.0% 0.671
rs1800872
   CC vs AA 0.989 1.00 (0.77-1.19)   0.0% 0.456 0.806 0.506
   Caucasian[18,20] 0.379 0.73 (0.37-1.47) 41.6% 0.191
   Asian[23,24,32] 0.730 1.05 (0.80-1.38)   0.0% 0.466
   CC+CA vs AA 0.028 1.29 (1.03-1.62)   0.0% 0.717 0.221 0.196
   Caucasian 0.417 1.27 (0.71-2.26)   0.0% 0.573
   Asian 0.042 1.29 (1.01-1.66)   0.0% 0.410
   AA+CA vs CC 0.833 0.97 (0.72-1.31) 60.2% 0.040 0.806 0.384
   Caucasian 0.578 1.13 (0.72-1.71)   3.2% 0.310
   Asian 0.382 0.82 (0.53-1.27) 76.0% 0.016
   C vs A 0.112 1.12 (0.97-1.28)   0.0% 0.863 0.086 0.266
   Caucasian 0.614 1.12 (0.97-1.28)   0.0% 0.669
   Asian 0.114 1.14 (0.97-1.33)   0.0% 0.618
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HWE, significant associations with the GG+GA vs AA 
model were no longer observed, and the heterogene-
ity became negligible (data not shown); the associations 
remained for the AA+GA vs GG (OR = 0.69, 95%CI: 
0.52-0.91, P = 0.008) model. Subgroup analysis revealed 
associations between the IL-10 rs1800870 polymor-
phisms and IBS risk in Caucasians[18,20,21] (P = 0.003), but 
not in Asians[22-24] (P = 0.860) (Table 2).

IL-10 rs1800871 and IBS risk 
Four studies[18,20,23,24], involving 493 IBS subjects and 663 
controls, analyzed the associations between the IL-10 
rs1800871 polymorphisms and IBS risk; the distribution 
of  controls in the studies fulfilled the HWE. In the meta-
analysis, no significant associations were observed for any 
of  the 4 models: AA vs GG (P = 0.698), AA+AG vs GG 
(P = 0.969), GG+AG vs AA (P = 0.651), and A vs G (P 
= 0.496). Either significant heterogeneity or publication 
bias was found associated with each of  the 4 models (all, 
P > 0.05). A sensitivity analysis, after excluding studies in 
turn, indicated that the null associations remained (data 

not shown). Further, subgroup analyses did not find any 
associations between the IL-10 rs1800871 polymorphisms 
and IBS risk, regardless of  ethnicity[18,20,23,24] (Table 2, Fig-
ure 2B).

IL-10 rs1800872 and IBS risk 
Five studies[18,20,23,24,32], involving 181 IBS subjects and 
338 controls, analyzed the associations between IL-10 
rs1800872 polymorphisms and IBS risk; the distribution 
of  the controls in the studies fulfilled the HWE. The me-
ta-analysis demonstrated that the CC+CA vs AA model 
was associated with susceptibility to IBS (OR = 1.29, 
95%CI: 1.03-1.62, P = 0.028). However, significant asso-
ciations were not found between the other 3 models, CC 
vs AA (P = 0.989), AA+CA vs CC (P = 0.833), and C vs A 
(P = 0.112), and IBS risk. Either significant heterogene-
ity or publication bias was found in each of  the 4 models 
(all, P > 0.05). A sensitivity analysis, after removing each 
study sequentially, demonstrated that the results remained 
similar to the initial results. Subsequent subgroup analy-
ses showed associations between rs1800872 and IBS risk 

Study ID OR (95%CI) %weight

GG vs AA
Gonsalkorale (2003) 1.16 (0.79, 1.70) 4.47
van der Veek (2005) 1.08 (0.58, 2.00) 1.76
Wang (2006) 1.00 (0.53, 1.90) 1.72
Barkhordari (2010) 1.05 (0.45, 2.47) 0.95
Lee (2010) 1.01 (0.64, 1.60) 3.36
Santhosh (2010) 1.00 (0.40, 2.52) 0.83
Romero (2012) 1.75 (0.79, 3.87) 0.84
Subtotal (I 2 = 0.0%, P  = 0.950) 1.11 (0.89, 1.39) 13.93

GG+GA vs AA
Gonsalkorale (2003) 0.48 (0.34, 0.66) 10.60
van der Veek (2005) 1.07 (0.61, 1.90) 2.09
Wang (2006) 1.03 (0.55, 1.93) 1.79
Barkhordari (2010) 0.60 (0.32, 1.13) 2.45
Lee (2010) 1.04 (0.68, 1.61) 3.67
Santhosh (2010) 0.97 (0.40, 2.36) 0.91
Romero (2012) 3.20 (1.59, 6.43) 0.74
Subtotal (I 2 = 79.4%, P  = 0.000) 0.80 (0.66, 0.96) 22.27

AA+GA vs  GG
Gonsalkorale (2003) 0.60 (0.42, 0.86) 7.62
van der Veek (2005) 0.94 (0.56, 1.59) 2.65
Barkhordari (2010) 1.00 (0.36, 2.78) 0.68
Lee (2010) 0.31 (0.01, 7.76) 0.14
Romero (2012) 0.46 (0.13, 1.61) 0.81
Wang (2006)  (excluded)
Santhosh (2010)  (excluded)
Subtotal (I 2 = 0.0%, P  = 0.542) 0.69 (0.52, 0.90) 11.90

G vs A
Gonsalkorale (2003) 1.02 (0.84, 1.24) 8.97
van der Veek (2005) 0.90 (0.67, 1.21) 8.56
Wang (2006) 0.97 (0.62, 1.50) 3.78
Barkhordari (2010) 0.93 (0.67, 1.29) 6.81
Lee (2010) 1.03 (0.76, 1.38) 7.84
Santhosh (2010) 0.99 (0.54, 1.82)   1.90
Romero (2012) 1.40 (0.96, 2.05) 4.03
Subtotal (I 2 = 0.0%, P  = 0.720) 1.01 (0.90, 1.14) 51.90

Overall (I 2 = 48.3%, P  = 0.003) 0.94 (0.86, 1.02) 100.00

0.126                                            1                                            79.7

A
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Study ID OR (95%CI) %weight

CC vs TT  
Wang (2006) 1.26 (0.56, 2.84) 4.22 
Barkhordari (2010) 0.22 (0.03, 1.73) 2.42 
Santhosh (2010) 1.22 (0.29, 5.13) 1.36 
Romero (2012) 0.81 (0.29, 2.22) 3.47 
Subtotal (I 2 = 0.0%, P  = 0.440) 0.90 (0.53, 1.54) 11.48 

CC+CT vs TT
Wang (2006) 1.73 (0.82, 3.64) 4.31 
Barkhordari (2010) 0.33 (0.07, 1.53) 3.03 
Santhosh (2010) 0.87 (0.24, 3.13) 2.03 
Romero (2012) 0.76 (0.29, 1.98) 4.12 
Subtotal (I 2 = 32.4%, P  = 0.218) 0.99 (0.61, 1.60) 13.48 

TT+CT vs CC
Wang (2006) 0.54 (0.15, 2.00) 2.56 
Barkhordari (2010) 0.99 (0.60, 1.62) 12.71 
Santhosh (2010) 0.52 (0.11, 2.46) 1.82 
Romero (2012) 1.04 (0.54, 2.00) 6.97 
Subtotal (I 2 = 0.0%, P  = 0.720) 0.92 (0.64, 1.33) 24.06 

C vs T
Wang (2006) 1.30 (0.81, 2.08) 12.15 
Barkhordari (2010) 1.09 (0.71, 1.65) 16.81 
Santhosh (2010) 1.08 (0.53, 2.20) 5.87 
Romero (2012) 0.93 (0.60, 1.46) 16.16 
Subtotal (I 2 = 0.0%, P  = 0.809) 1.09 (0.85, 1.38) 50.98 

Overall (I 2 = 0.0%, P  = 0.821) 1.01 (0.85, 1.21) 100.00 

0.027                                      1                                        37
Study ID OR (95%CI) %weight

CC vs AA
Wang (2006) 1.26 (0.56, 2.84) 1.47 
Barkhordari (2010) 0.22 (0.03, 1.79) 0.82 
Jiang (2010) 0.99 (0.74, 1.34) 12.33 
Santhosh (2010) 2.86 (0.47, 17.35) 0.21 
Romero (2012) 0.95 (0.44, 2.06) 1.88 
Subtotal (I 2 = 0.0%, P  = 0.456) 1.00 (0.77, 1.29) 16.71 

CC+CA vs AA
Wang (2006) 1.73 (0.82, 3.64) 1.50 
Barkhordari (2010) 1.00 (0.36, 2.78) 1.03 
Jiang (2010) 1.22 (0.93, 1.59) 13.65 
Santhosh (2010) 3.04 (0.57, 16.36) 0.25 
Romero (2012) 1.43 (0.71, 2.87) 1.76 
Subtotal (I 2 = 0.0%, P  = 0.717) 1.29 (1.03, 1.62) 18.20 

AA+CA vs CC
Wang (2006) 0.21 (0.07, 0.68) 2.05 
Barkhordari (2010) 0.99 (0.60, 1.62) 4.41 
Jiang (2010) 1.27 (0.75, 2.17) 3.39 
Santhosh (2010) 0.50 (0.13, 1.95) 0.84 
Romero (2012) 1.59 (0.73, 6.45) 1.34 
Subtotal (I 2 = 60.2%, P  = 0.040) 0.97 (0.72, 1.31) 12.03 

C vs A
Wang (2006) 1.30 (0.81, 2.08) 4.22 
Barkhordari (2010) 1.14 (0.75, 1.72) 5.82 
Jiang (2010) 1.10 (0.93, 1.31) 34.89 
Santhosh (2010) 1.51 (0.70, 3.24) 1.52 
Romero (2012) 1.00 (0.67, 1.50) 6.61 
Subtotal (I 2 = 0.0%, P  = 0.863) 1.12 (0.97, 1.28) 53.06 

Overall (I 2 = 2.7%, P  = 0.423) 1.11 (1.00, 1.23) 100.00 

0.278                                       1                                         35.9

Figure 2  Meta-analysis. A: Interleukin-10 (IL-10) rs1800870 polymorphisms and irritable bowel syndrome risk; B: IL-10 rs1800871 polymorphisms and IBS risk; C: 
IL-10 rs1800872 polymorphisms and IBS risk.
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in Asians[23,24,32] (P = 0.042), but not in Caucasians[18,20] (P 
= 0.417) (Table 2, Figure 2C).

DISCUSSION
The gene encoding IL-10 is located on chromosome 
1q31-1q32, and has 3 confirmed biallelic polymorphisms 
in the promoter region, i.e., rs1800870, rs1800871, and 
rs1800872. A genetic predisposition for low IL-10 pro-
duction is associated with the development of  IBS[33-35], 
and previous studies have shown that IL-10 SNPs and 
some haplotypes are associated with an increased IBS 
risk[5,13,18,23]. Likewise, production of  the anti-inflammato-
ry cytokine IL-10 is also associated with SNPs at specific 
positions. 

The A allele of  rs1800870 has been reported to be as-
sociated with lower production of  IL-10 and an accord-
ingly stronger inflammatory response[36]. More recently, 
Bashashati et al[37] reported the results of  a meta-analysis 
that showed that the A/G of  rs1800870 conferred sus-
ceptibility to IBS. However, their study only included 5 
studies, and most of  the included subjects were Cauca-
sians. When considering the disparity in genetic factors 
among different racial groups, it is difficult to conclude 
that rs1800870 was associated with IBS risk, without ad-
justing for ethnicity and sample size. In the present study, 
although the overall meta-analysis results showed the 
presence of  significant associations between rs1800870 
and IBS risk in the GG+GA vs AA (P = 0.018) and 
AA+GA vs GG (P = 0.007) models, a subgroup analysis 
revealed that such association existed only for Caucasians, 
and not for Asians. This disparity between the two eth-
nicities might be explained by variations in allelic frequen-
cies between the ethnic groups. This was possible since 
the frequency of  the rs1800870 A allele is associated with 
significantly higher production of  IL-10 in Caucasians 
than in Asians. Moreover, another study showed that the 
frequency of  the high producer IL-10 genotype is much 
higher in the Irish population than in Africans or Singa-
porean Chinese[38]. In the present study, 4[13,18,20,21] of  the 
8 included studies analyzed Caucasian subjects, and the 
frequency of  the rs1800870 GG genotype in controls was 
higher than that observed in Asian subjects. The pres-
ent meta-analysis results confirmed the association of  
rs1800870 and IBS risk, but also demonstrated that the 
association varies according to ethnicity. 

The role of  rs1800871 in IL-10 production is incom-
pletely understood. Although some studies have reported 
that rs1800871 is associated with several diseases, such 
as endometriosis[39] and periodontitis[40], the association 
between rs1800871 and IBS has remained controver-
sial[18,20,23,24]. In our study, the overall results and the results 
of  the subgroup analysis failed to show a significant as-
sociation between rs1800871 and IBS risk, regardless of  
the examined ethnicity. This observation indicates similar 
distribution of  rs1800871 among both IBS patients and 
controls, supporting the observation that the genetic 
make-up for IL-10 production levels does not differ be-
tween IBS patients and normal subjects[13,18,24]. Although 

a direct link between rs1800871 and IL-10 production 
levels has not been established, previous reports have 
suggested that rs1800871 polymorphisms are in link-
age disequilibrium with rs1800871 polymorphisms; that 
the haplotypes for rs1800870, rs1800871 and rs1800872 
are common in Caucasians; and that the GCC/GCC 
haplotypes are commonly associated with high IL-10 
production, whereas the ATA/ATA genotype is associ-
ated with low IL-10 production[41]. Because only limited 
data are available in the included studies, further studies 
are required to perform a haplotype analysis to explore 
the associations between rs1800871 haplotypes and other 
SNPs with IBS. 

With regard to rs1800872, studies have reported that 
the presence of  rs1800872 confers susceptibility to so
me diseases such as leprosy[42] and hepatocellular carci-
noma[43]. In studies investigating the association of  IL-10 
with IBS risk, Santhosh et al[23] reported that the C allele 
was much lower in individuals with IBS than among nor-
mal controls (41.3% vs 73.5%), in an Indian population. 
Wang et al[24] found similar results in a Chinese population 
(IBS vs controls, 9.3% vs 17.1%). However, a Mexican 
study[18] failed to show a significant difference between 
IBS patients and normal controls with respect to the C 
allele (72.51% vs 71.1%); similar results were reported in 2 
other studies[19,20]. In the present meta-analysis, we found 
that CC+CA vs AA was associated with an increased IBS 
risk, and the sensitivity analysis further confirmed this as-
sociation. However, the subgroup analysis revealed that 
only Asians demonstrated this association. Although 5 
studies were included in the present analysis, the sample 
size was relatively small; hence, these results should be 
interpreted with caution. 

The present comprehensive meta-analysis demon-
strated an association between rs1800871 and rs1800872 
polymorphisms and IBS risk, and that the rs1800872 
polymorphism conferred susceptibility to IBS. In addi-
tion, although Bashashati et al[37] reported a meta-analysis 
demonstrating that rs1800870 conferred susceptibility to 
IBS, we expanded this finding to show that this associa-
tion existed in Caucasians but not in Asians, which had 
not been previously reported. The present study also in-
volved a sensitivity analysis demonstrating that the distri-
bution of  controls deviated from the HWE, guaranteeing 
the reliability of  the results. The Begg’s and Egger’s test 
results did not show a significant publication bias in the 
eligible as well as the non-English studies, which also at-
tests to the robustness of  the results.

Some limitations to this meta-analysis require careful 
consideration. First, because only limited data were avail-
able, we did not analyze the association between IL-10 
polymorphisms and different types of  IBS, e.g., diarrhea 
or constipation. Thus, the associations between different 
types of  IBS require further investigation. Second, other 
factors such as genetic and environmental factors, which 
also may affect susceptibility to IBS, were not adjusted 
in the present studies. Hence, a well-designed study is 
warranted to account for potential confounders and to 
provide a more precise association. Third, also because 
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of  the limited number of  available studies, the subgroup 
analysis of  rs1800872 involved comparatively few studies; 
thus, its association with IBS needs to be confirmed by a 
study involving a larger number of  subjects. 

In conclusion, the present meta-analysis suggests that 
the rs1800870 polymorphism of  IL-10 may represent an 
increased risk of  IBS in Caucasians, but not in Asians. 
Similarly, rs1800872 polymorphisms may represent an 
increased risk of  IBS in Asians, but future studies are 
necessary to reinforce these findings. The present study 
failed to find an association between rs1800871 and IBS 
risk, regardless of  ethnicity. 

COMMENTS
Background
Cytokines are important modulators in the immune responses and inflammatory 
reaction, which play a central role in intestinal inflammation.
Research frontiers
Interleukin-10 (IL-10) polymorphisms have been identified as a biomarker caus-
ally associated with occurrence of irritable bowel syndrome (IBS) and receives 
extensive interest. However, its relationship with IBS remains obscure.
Innovations and breakthroughs
This is the first paper conducting a comprehensive meta-analysis to investigate 
the association of IL-10 polymorphisms with IBS risk. The authors showed 
that IL-10 rs1800870 is associated with IBS risk in Caucasian ethnicity, and 
rs1800872 associate with IBS risk in Asians.
Applications
This study furthers the understanding of the association of IL-10 polymorphisms 
with IBS risk. 
Peer review
The study deals with the important topic related to the association between 
single nucleotide polymorphisms of genes coding for inflammation-linked fac-
tors with pathogenesis of chronic inflammatory diseases such as IBS.

REFERENCES
1	 Der T, Bercik P, Donnelly G, Jackson T, Berezin I, Collins 

SM, Huizinga JD. Interstitial cells of cajal and inflammation-
induced motor dysfunction in the mouse small intestine. 
Gastroenterology 2000; 119: 1590-1599 [PMID: 11113080 DOI: 
S0016508500634224]

2	 Vallance BA, Galeazzi F, Collins SM, Snider DP. CD4 T cells 
and major histocompatibility complex class II expression 
influence worm expulsion and increased intestinal muscle 
contraction during Trichinella spiralis infection. Infect Immun 
1999; 67: 6090-6097 [PMID: 10531271]

3	 Galeazzi F, Haapala EM, van Rooijen N, Vallance BA, 
Collins SM. Inflammation-induced impairment of enteric 
nerve function in nematode-infected mice is macrophage 
dependent. Am J Physiol Gastrointest Liver Physiol 2000; 278: 
G259-G265 [PMID: 10666050]

4	 Chadwick VS, Chen W, Shu D, Paulus B, Bethwaite P, Tie A, 
Wilson I. Activation of the mucosal immune system in irri-
table bowel syndrome. Gastroenterology 2002; 122: 1778-1783 
[PMID: 12055584 DOI: 10.1053/gast.2002.33579]

5	 O’Sullivan M, Clayton N, Breslin NP, Harman I, Bountra C, 
McLaren A, O’Morain CA. Increased mast cells in the irritable 
bowel syndrome. Neurogastroenterol Motil 2000; 12: 449-457 
[PMID: 11012945 DOI: 10.1046/j.1365-2982.2000.00221.x]

6	 Weston AP, Biddle WL, Bhatia PS, Miner PB. Terminal ileal 
mucosal mast cells in irritable bowel syndrome. Dig Dis Sci 
1993; 38: 1590-1595 [PMID: 8359068]

7	 Levy RL, Jones KR, Whitehead WE, Feld SI, Talley NJ, Corey 
LA. Irritable bowel syndrome in twins: heredity and social 

learning both contribute to etiology. Gastroenterology 2001; 
121: 799-804 [PMID: 11606493 DOI: 10.1053/gast.2001.27995]

8	 Saito YA, Zimmerman JM, Harmsen WS, De Andrade M, 
Locke GR, Petersen GM, Talley NJ. Irritable bowel syndrome 
aggregates strongly in families: a family-based case-control 
study. Neurogastroenterol Motil 2008; 20: 790-797 [PMID: 
18221250 DOI: 10.1111/j.1365-2982.2007.1077.x]

9	 Sartor RB. Cytokines in intestinal inflammation: pathophysi-
ological and clinical considerations. Gastroenterology 1994; 
106: 533-539 [PMID: 8299918]

10	 Hoffmann SC, Stanley EM, Darrin Cox E, Craighead N, 
DiMercurio BS, Koziol DE, Harlan DM, Kirk AD, Blair PJ. 
Association of cytokine polymorphic inheritance and in vitro 
cytokine production in anti-CD3/CD28-stimulated periph-
eral blood lymphocytes. Transplantation 2001; 72: 1444-1450 
[PMID: 11685118]

11	 Melk A, Henne T, Kollmar T, Strehlau J, Latta K, Offner 
G, Jhangri GS, Ehrich JH, Von Schnakenburg C. Cytokine 
single nucleotide polymorphisms and intrarenal gene 
expression in chronic allograft nephropathy in children. 
Kidney Int 2003; 64: 314-320 [PMID: 12787424 DOI: 10.1046/
j.1523-1755.2003.00050.x]

12	 Hotoleanu C, Popp R, Trifa AP, Nedelcu L, Dumitrascu DL. 
Genetic determination of irritable bowel syndrome. World J 
Gastroenterol 2008; 14: 6636-6640 [PMID: 19034965]

13	 van der Veek PP, van den Berg M, de Kroon YE, Verspaget 
HW, Masclee AA. Role of tumor necrosis factor-alpha 
and interleukin-10 gene polymorphisms in irritable bowel 
syndrome. Am J Gastroenterol 2005; 100: 2510-2516 [PMID: 
16279907 DOI: 10.1111/j.1572-0241.2005.00257.x]

14	 Maynard CL, Weaver CT. Diversity in the contribution of in-
terleukin-10 to T-cell-mediated immune regulation. Immunol 
Rev 2008; 226: 219-233 [PMID: 19161427 DOI: 10.1111/j.1600-
065X.2008.00711.x]

15	 Hua MC, Lai MW, Kuo ML, Yao TC, Huang JL, Chen SM. 
Decreased interleukin-10 secretion by peripheral blood 
mononuclear cells in children with irritable bowel syndrome. 
J Pediatr Gastroenterol Nutr 2011; 52: 376-381 [PMID: 21407110 
DOI: 10.1097/MPG.0b013e3181fd9816]

16	 Schmulson M, Pulido-London D, Rodriguez O, Morales-
Rochlin N, Martinez-García R, Gutierrez-Ruiz MC, López-
Alvarenga JC, Robles-Díaz G, Gutiérrez-Reyes G. Lower 
serum IL-10 is an independent predictor of IBS among 
volunteers in Mexico. Am J Gastroenterol 2012; 107: 747-753 
[PMID: 22270083 DOI: 10.1038/ajg.2011.484]

17	 Scully P, McKernan DP, Keohane J, Groeger D, Shanahan 
F, Dinan TG, Quigley EM. Plasma cytokine profiles in fe-
males with irritable bowel syndrome and extra-intestinal co-
morbidity. Am J Gastroenterol 2010; 105: 2235-2243 [PMID: 
20407431 DOI: 10.1038/ajg.2010.159]

18	 Barkhordari E, Rezaei N, Mahmoudi M, Larki P, Ahmadi-
Ashtiani HR, Ansaripour B, Alighardashi M, Bashashati M, 
Amirzargar AA, Ebrahimi-Daryani N. T-helper 1, T-helper 
2, and T-regulatory cytokines gene polymorphisms in irri-
table bowel syndrome. Inflammation 2010; 33: 281-286 [PMID: 
20177758 DOI: 10.1007/s10753-010-9183-6]

19	 Olivo-Diaz A, Romero-Valdovinos M, Gudiño-Ramirez A, 
Reyes-Gordillo J, Jimenez-Gonzalez DE, Ramirez-Miranda 
ME, Martinez-Flores WA, Martinez-Hernandez F, Flisser 
A, Maravilla P. Findings related to IL-8 and IL-10 gene 
polymorphisms in a Mexican patient population with ir-
ritable bowel syndrome infected with Blastocystis. Parasitol 
Res 2012; 111: 487-491 [PMID: 22287022 DOI: 10.1007/
s00436-012-2830-0]

20	 Romero-Valdovinos M, Gudiño-Ramírez A, Reyes-Gordillo 
J, Martínez-Flores WA, Ramírez-Miranda ME, Maravilla P, 
Olivo-Díaz A. Interleukin-8 and -10 gene polymorphisms in 
irritable bowel syndrome. Mol Biol Rep 2012; 39: 8837-8843 
[PMID: 22740130 DOI: 10.1007/s11033-012-1745-2]

21	 Gonsalkorale WM, Perrey C, Pravica V, Whorwell PJ, 

 COMMENTS

Qin SY et al . IL-10  polymorphisms and IBS risk



9480 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

Hutchinson IV. Interleukin 10 genotypes in irritable bowel 
syndrome: evidence for an inflammatory component? Gut 
2003; 52: 91-93 [PMID: 12477767]

22	 Lee HJ, Lee SY, Choi JE, Kim JH, Sung IK, Park HS, Jin CJ. 
G protein beta3 subunit, interleukin-10, and tumor necrosis 
factor-alpha gene polymorphisms in Koreans with irritable 
bowel syndrome. Neurogastroenterol Motil 2010; 22: 758-763 
[PMID: 20337945 DOI: 10.1111/j.1365-2982.2010.01496.x]

23	 Santhosh S, Dutta AK, Samuel P, Joseph AJ, Ashok Kumar J, 
Kurian G. Cytokine gene polymorphisms in irritable bowel 
syndrome in Indian population--a pilot case control study. 
Trop Gastroenterol 2010; 31: 30-33 [PMID: 20860222]

24	 Wang BM, Jiang XZ, Yang YL, Liu WT, Cao XC, Zhao XZ. 
[A study of interleukin-10 gene polymorphism in irritable 
bowel syndrome]. Zhonghua Nei Ke Zazhi 2006; 45: 289-292 
[PMID: 16780675]

25	 Sagoo GS, Little J, Higgins JP. Systematic reviews of genetic 
association studies. Human Genome Epidemiology Net-
work. PLoS Med 2009; 6: e28 [PMID: 19260758 DOI: 10.1371/
journal.pmed.1000028]

26	 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measur-
ing inconsistency in meta-analyses. BMJ 2003; 327: 557-560 
[PMID: 12958120 DOI: 10.1136/bmj.327.7414.557]

27	 Mantel N, Haenszel W. Statistical aspects of the analysis of 
data from retrospective studies of disease. J Natl Cancer Inst 
1959; 22: 719-748 [PMID: 13655060]

28	 DerSimonian R, Laird N. Meta-analysis in clinical trials. 
Control Clin Trials 1986; 7: 177-188 [PMID: 3802833 DOI: 
10.1016/0197-2456(86)90046-2]

29	 Zintzaras E, Rodopoulou P, Sakellaridis N. Variants of the 
arachidonate 5-lipoxygenase-activating protein (ALOX5AP) 
gene and risk of stroke: a HuGE gene-disease association 
review and meta-analysis. Am J Epidemiol 2009; 169: 523-532 
[PMID: 19126581 DOI: 10.1093/aje/kwn368]

30	 Egger M, Davey Smith G, Schneider M, Minder C. Bias in 
meta-analysis detected by a simple, graphical test. BMJ 1997; 
315: 629-634 [PMID: 9310563]

31	 Begg CB, Mazumdar M. Operating characteristics of a rank 
correlation test for publication bias. Biometrics 1994; 50: 
1088-1101 [PMID: 7786990]

32	 Jiang YJ, Nie YQ, Lai XB. IL-10 gene promoter-592 polymor-
phism and irritable bowel syndrome. Modern Hospital 2010; 
10: 8-10

33	 Shah N, Kammermeier J, Elawad M, Glocker EO. Interleu-
kin-10 and interleukin-10-receptor defects in inflammatory 
bowel disease. Curr Allergy Asthma Rep 2012; 12: 373-379 
[PMID: 22890722 DOI: 10.1007/s11882-012-0286-z]

34	 Grundström J, Linton L, Thunberg S, Forsslund H, Janc-
zewska I, Befrits R, van Hage M, Gafvelin G, Eberhardson 

M. Altered immunoregulatory profile during anti-tumour 
necrosis factor treatment of patients with inflammatory 
bowel disease. Clin Exp Immunol 2012; 169: 137-147 [PMID: 
22774988 DOI: 10.1111/j.1365-2249.2012.04600.x]

35	 Zhang W, Yang AL, Liao J, Li H, Dong H, Chung YT, Bai H, 
Matkowskyj KA, Hammock BD, Yang GY. Soluble epoxide 
hydrolase gene deficiency or inhibition attenuates chronic 
active inflammatory bowel disease in IL-10(-/-) mice. Dig 
Dis Sci 2012; 57: 2580-2591 [PMID: 22588244 DOI: 10.1007/
s10620-012-2217-1]

36	 Rad R, Dossumbekova A, Neu B, Lang R, Bauer S, Saur D, 
Gerhard M, Prinz C. Cytokine gene polymorphisms influ-
ence mucosal cytokine expression, gastric inflammation, and 
host specific colonisation during Helicobacter pylori infec-
tion. Gut 2004; 53: 1082-1089 [PMID: 15247172 DOI: 10.1136/
gut.2003.029736]

37	 Bashashati M, Rezaei N, Bashashati H, Shafieyoun A, 
Daryani NE, Sharkey KA, Storr M. Cytokine gene poly-
morphisms are associated with irritable bowel syndrome: 
a systematic review and meta-analysis. Neurogastroenterol 
Motil 2012; 24: 1102-e566 [PMID: 22897390 DOI: 10.1111/
j.1365-2982.2012.01990.x]

38	 Meenagh A, Williams F, Ross OA, Patterson C, Gorodezky 
C, Hammond M, Leheny WA, Middleton D. Frequency of 
cytokine polymorphisms in populations from western Eu-
rope, Africa, Asia, the Middle East and South America. Hum 
Immunol 2002; 63: 1055-1061 [PMID: 12392859 DOI: 10.1016/
S0198-8859(02)00440-8]

39	 Fan W, Li S, Chen Q, Huang Z, Ma Q, Xiao Z. Association 
between interleukin-10 promoter polymorphisms and en-
dometriosis: a meta-analysis. Gene 2013; 515: 49-55 [PMID: 
23237776 DOI: 10.1016/j.gene.2012.11.037]

40	 Albuquerque CM, Cortinhas AJ, Morinha FJ, Leitão JC, Vie-
gas CA, Bastos EM. Association of the IL-10 polymorphisms 
and periodontitis: a meta-analysis. Mol Biol Rep 2012; 39: 
9319-9329 [PMID: 22763734 DOI: 10.1007/s11033-012-1738-1]

41	 Turner DM, Williams DM, Sankaran D, Lazarus M, Sinnott 
PJ, Hutchinson IV. An investigation of polymorphism in the 
interleukin-10 gene promoter. Eur J Immunogenet 1997; 24: 1-8 
[PMID: 9043871]

42	 Cardona-Castro N, Sánchez-Jiménez M, Rojas W, Bedoya-
Berrío G. IL-10 gene promoter polymorphisms and leprosy 
in a Colombian population sample. Biomedica 2012; 32: 71-76 
[PMID: 23235789 DOI: 10.1590/S0120-41572012000100009]

43	 Wei YG, Liu F, Li B, Chen X, Ma Y, Yan LN, Wen TF, Xu 
MQ, Wang WT, Yang JY. Interleukin-10 gene polymor-
phisms and hepatocellular carcinoma susceptibility: a meta-
analysis. World J Gastroenterol 2011; 17: 3941-3947 [PMID: 
22025883 DOI: 10.3748/wjg.v17.i34.3941]

P- Reviewers: Filaci G, Izzo AA    S- Editor: Wen LL    
L- Editor: Wang TQ    E- Editor: Zhang DN

Qin SY et al . IL-10  polymorphisms and IBS risk



Endoscopic management of a rare granulation polyp in a 
colonic diverticulum

Hirohito Mori, Takaaki Tsushimi, Hideki Kobara, Noriko Nishiyama, Shintaro Fujihara, Tae Matsunaga, 
Maki Ayagi, Tatsuo Yachida, Tsutomu Masaki

Hirohito Mori, Hideki Kobara, Noriko Nishiyama, Shintaro 
Fujihara, Tae Matsunaga, Maki Ayagi, Tatsuo Yachida, Tsu-
tomu Masaki, Departments of Gastroenterology and Neurology, 
Kagawa University School of Medicine, Kagawa 761-0793, Ja-
pan
Hirohito Mori, Takaaki Tsushimi, Department of Gastroentero-
logical Surgery, Ehime Rosai Hospital, Ehime 792-8550, Japan
Author contributions: Mori H was responsible for conceiv-
ing the research and drafting the article; Tsushimi T, Kobara H, 
Nishiyama N, Fujihara S, Matsunaga T, Ayagi M and Yachida T 
participated equally in the work; Masaki T provided a critical re-
vision of the manuscript for intellectual content and was respon-
sible for the final approval of the manuscript.
Correspondence to: Hirohito Mori, MD, PhD, Department of 
Gastroenterology and Neurology, Kagawa University School of 
Medicine, 1750-1 Ikenobe, Miki, Kita, Kagawa 761-0793, 
Japan. hiro4884@med.kagawa-u.ac.jp
Telephone: +81-87-8912156  Fax: +81-87-8912158
Received: August 14, 2013     Revised: October 1, 2013
Accepted: December 13, 2013
Published online: December 28, 2013

Abstract
There are many case reports on colon diverticula that 
cause irritable bowel syndrome, constipation, bleed-
ing, diverticulitis, stricture due to multiple recurrences 
of diverticulitis, and perforation. However, few articles 
have examined neoplasms that arise from a diverticu-
lum, such as adenoma and adenocarcinoma, and there 
have been no reports of granulation polyps that arise 
from a colon diverticulum after recurrent diverticulitis. 
We observed a rare granulation polyp that arose from 
a diverticulum as a result of repeated episodes of local 
diverticulitis. Narrow band imaging magnified colonos-
copy was very useful to diagnose the polyp as a granu-
lation polyp because of the absence of a pit pattern on 
the surface of the polyp. We successfully resected the 
polyp using endoscopic mucosal resection. We inverted 
the diverticulum, and the resected stalk of the polyp 

was used to close the diverticulum with an over-the-
scope clip. If a granulomatous polyp could arise from 
a diverticulum, differential diagnosis between a colon 
neoplasm and a granulomatous polyp would not only 
be difficult but also necessary for suitable endoscopic 
treatment. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Diverticulitis; Endoscopy; Granulation pol-
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Core tip: The study observed a rare granulation polyp 
that arose from a diverticulum as a result of repeated 
episodes of local diverticulitis. The authors successfully 
resected the polyp using endoscopic mucosal resection. 
The diverticulum was inverted, and the resected stalk 
of the polyp was used to close the diverticulum with an 
over-the-scope clip.

Mori H, Tsushimi T, Kobara H, Nishiyama N, Fujihara S, Matsu-
naga T, Ayagi M, Yachida T, Masaki T. Endoscopic management 
of a rare granulation polyp in a colonic diverticulum. World J 
Gastroenterol 2013; 19(48): 9481-9484  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i48/9481.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i48.9481

INTRODUCTION
A colon diverticulum is caused by increased intra-colonic 
pressure or by a weakened colonic wall. Most colon 
diverticula consist of  acquired pseudodiverticula and 
have been observed in the sigmoid colon of  patients in 
Western countries and in the ascending colon of  patients 
in Japan[1]. The most reliable method to identify colon 
diverticula is a barium enema; however, once a diverticu-
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lum begins to bleed, colonoscopy is a useful modality 
to treat the bleeding vessels[2,3]. Although the incidence 
of  colonic diverticular bleeding is increasing, treatments 
have not yet been well established. The risk factors con-
tributing to recurrent hemorrhage after initial improve-
ment in colonic diverticular bleeding are past histories of  
hypertension or renal deficiency. Follow-up colonoscopy 
after the initial improvement in colonic diverticular bleed-
ing is needed in patients with hypertension or renal defi-
ciency[4]. In addition, local peritonitis due to diverticulitis, 
and perforation are serious complications[5]. Although 
85% of  patients with colonic diverticulitis will recover 
with non-surgical treatment, some patients may have 
complications such as abscesses, fistulas, obstruction and 
panperitonitis[6,7]. On the other hand, few articles have ex-
amined neoplasms that arise from the diverticulum, such 
as adenoma and adenocarcinoma[8].

We describe a rare case of  a granulomatous polyp 
which arose from a colon diverticulum.

CASE REPORT
A 62-year-old woman who suffered from repeated left 
lower abdominal pain and high fever (38 ℃) underwent 
a colonoscopy and was diagnosed with a sigmoid colon 
polyp that was approximately 25 mm in diameter (Figure 
1A). Twice during the previous year, she had suffered 
from abdominal pain and a high fever, and her blood 
laboratory data were as follows: a white blood cell count 
of  12000/μL and a C-reactive protein level of  5.59 mg/
mL. After undergoing colonoscopy, her symptoms disap-
peared. Additionally, narrow band imaging (NBI) magni-
fied colonoscopy was performed to diagnose the polyp in 

greater detail. Several irregular microvessels were found 
on the surface of  the polyp. However, the pit pattern 
which is usually observed in neoplasms, such as adenoma 
and adenocarcinoma, was absent from the surface of  the 
polyp (Figure 1B). The surface was smooth, and we were 
unable to determine whether the polyp was a neoplasm 
or an inflammatory polyp. To confirm the qualitative 
histological diagnosis, we performed endoscopic muco-
sal resection (EMR) of  the polyp. We obtained written 
informed consent from the patient to perform the EMR 
procedure for treatment of  the polyp. During EMR, a 
local saline injection was administered, which slightly 
elevated the polyp (Figure 1C), and allowed resection of  
the polyp. After removing the polyp, we identified the 
diverticulum using the resected stalk of  the polyp (Figure 
1D). A closer view of  the resected surface revealed that 
the cavity of  the diverticulum was irregular, and exposed 
vessels were observed (Figure 2A). The resection of  
the polyp indicated that it arose from the diverticulum 
(Figure 2A). To prevent post-EMR bleeding and delayed 
perforation, we inverted the diverticulum and sutured the 
inverted diverticulum, including the resected stalk of  the 
polyp, with an over-the-scope clip (OTSC) (Figure 2B). 
After the EMR procedure, computed tomography was 
performed to examine the soft tissue density around the 
OTSC and the increased fat density around the resected 
site (Figure 2C and D). 

According to the clinical course of  the patient, which 
included high fever and repeated left lower abdominal 
pain, we suspected that post-inflammation granulation 
tissue arose from the bottom of  the diverticulum after 
repeated episodes of  diverticulitis. Seven days after the 
procedure, the histology of  the polyp revealed that it was 
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Figure 1  Endoscopic mucosal dissection of 
the sigmoid colon polyp. A: A sigmoid colon 
polyp approximately 25 mm in diameter; B: Nar-
row band imaging magnified colonoscopy was 
performed to investigate the polyp in greater 
detail. Several irregular microvessels were 
observed on the surface of the polyp, but there 
was no pit pattern on the surface; C: A local 
saline injection was administered, and we ob-
served slight elevation of the polyp; D: After the 
endoscopic mucosal resection procedure and 
the removal of the polyp, the diverticulum was 
identified using the resected stalk of the polyp. 

A B

C D



composed only of  granulation tissue with no neoplasm 
(Figure 3). The patient was discharged from our hospital 
without any complications.

DISCUSSION
We report the unique case of  a granulomatous polyp that 
arose from a single diverticulum after repeated episodes 
of  local diverticulitis. A colonic diverticulum causes some 
serious complications such as bleeding, stricture due to 

multiple recurrences of  diverticulitis, and perforation[5-7]. 
Several case reports have also described neoplasms that 
arose from a single diverticulum, which was success-
fully treated with EMR and completely closed with the 
assistance of  laparoscopy[8]. However, there have been 
no previous reports of  granulomatous polyps that arose 
from a single diverticulum after repeated episodes of  lo-
cal diverticulitis, which was treated with EMR and closed 
with an OTSC. When polyps are diagnosed as neoplas-
tic, magnifying chromoendoscopy and NBI magnifying 

9483 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

Figure 2  Closure of the diverticulum using the 
resected stalk of the polyp. A: In a closer view of 
the resected surface, the cavity of the diverticulum 
was irregular (the black arrows), and an exposed 
vessel was identified (red arrow); resection of the 
polyp indicated that it arose from the diverticulum; 
B: To prevent bleeding and delayed perforation fol-
lowing the endoscopic mucosal resection (EMR) 
procedure, we inverted the diverticulum and sutured 
the inverted diverticulum, including the resected 
stalk of the polyp, using an over-the-scope clip (red 
arrows); C, D: After the EMR procedure, computed 
tomography was performed to examine the soft tis-
sue density around the over-the-scope clip and the 
increased fat density around the resected site (white 
arrows).

Figure 3  Histological findings of the resected 
polyp. A: A 20 magnified narrow band imag-
ing image of the granulomatous polyp; B: A 20 
magnified image with a hematoxylin and eosin 
(HE) stain, the yellow and blue circles in Panel 
A corresponding to those in Panel B; C: A 100 
magnified image with a HE stain reveals signifi-
cant infiltration of lymphocytes and plasma cells; 
D: A 200 magnified image with a HE stain reveals 
increased outgrowth of microvascular structures 
and infiltration of lymphocytes, neutrophils and 
plasma cells, which indicates granulation tissue. 
There were no atypical cells or structural atypia.

A B

C D

A B
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image-enhanced endoscopy can be used to detect the 
pit pattern. A granulomatous polyp should be diagnosed 
when no pit pattern is observed because a pit pattern 
reveals the surface characteristics of  a neoplasm[9]. The 
resection of  a polyp arising from a diverticulum is associ-
ated with a risk of  perforation or bleeding. A full-thick-
ness resection using a pre-full thickness suture with an 
OTSC was reported to be the safest method to resect the 
full-thickness wall of  the colon[10]. Similarly, after invert-
ing the diverticulum and the polyp into the colon, a full-
thickness suture using an OTSC and a full-thickness re-
section may be safely performed. In this case, we should 
have initially inverted the diverticulum and the polyp and 
safely resected the full-thickness of  the colon wall after 
diagnosing the granulomatous polyp that arose from a di-
verticulum. When many granulomatous polyps arise from 
many diverticula and the neighboring granuloma fuses, a 
stricture of  the colon may develop; therefore, a differen-
tial diagnosis between colon cancer and a granulomatous 
stricture would be difficult[11].
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Abstract
We report a case of hepatic choriocarcinoma in a man 
diagnosed at autopsy after a rapid downhill clinical 
course. The patient was a 49-year-old man who pre-
sented with acute right-sided abdominal pain. There 
were no masses palpable on physical examination. Ra-
diographic findings showed large multi-nodular tumors 
mainly in the right lobe of the liver. Fludeoxyglucose-
positron emission tomography scan showed uptake 
only in the liver, and no uptake in the testes. We 
initially planned to perform a liver resection for the 
presumed diagnosis of intra-hepatic cholangiocarci-
noma. However, the tumors grew rapidly and ruptured. 
Multiple lung metastases rapidly developed resulting in 
respiratory failure, preventing liver resection or even 

biopsy. He died 60 d after initial presentation with no 
pathological diagnosis. Postmortem studies included 
histopathological and immunohistological examinations 
which diagnosed a primary choriocarcinoma of the 
liver. Primary hepatic choriocarcinoma is very rare but 
should be considered in the differential diagnosis of a 
liver tumor in a middle aged man. Establishing this di-
agnosis may enable treatment of the choriocarcinoma. 
Liver biopsy and evaluation of serum human chorionic 
gonadotropin are recommended in these patients. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Hepatic choriocarcinoma; Male; Human 
chorionic gonadotropin; Liver biopsy; Fludeoxyglucose-
positron emission tomography

Core tip: Evaluation of serum human chorionic gonado-
tropin levels in addition to other liver tumor markers 
should be performed in middle-aged men with undiag-
nosed hepatic tumors, to rule-out the possibility of pri-
mary hepatic choriocarcinoma. Liver biopsy is important 
to diagnose this rare and highly malignant tumor.

Sekine R, Hyodo M, Kojima M, Meguro Y, Suzuki A, Yokoyama 
T, Lefor AT, Hirota N. Primary hepatic choriocarcinoma in a 
49-year-old man: Report of a case. World J Gastroenterol 2013; 
19(48): 9485-9489  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i48/9485.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i48.9485

INTRODUCTION
Choriocarcinoma is a rare, aggressive, malignant germ-
cell neoplasm of  trophoblastic cells, which are among the 
first cells to differentiate from the fertilized egg to enable 
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implantation. Choriocarcinoma is prone to rapid hema-
togenous metastases, and the first clinical manifestation 
is often metastatic lesions[1]. The characteristic laboratory 
finding in patients with choriocarcinoma is an elevated 
serum human chorionic gonadotropin (hCG) level. Cho-
riocarcinoma is less common in men than women, and 
comprises only 1% of  all germ-cell tumors, most often 
with the primary lesion in the testes[2]. There are only 
seven patients previously reported in the English litera-
ture with primary choriocarcinoma of  the liver[3-5]. These 
patients have been reported from Asia, including Japan 
and China. We report here a 49-year-old Japanese male 
with primary choriocarcinoma of  the liver diagnosed at 
autopsy, who presented initially with acute abdominal 
symptoms and a rapid downhill clinical course. Establish-
ing the diagnosis early may enable treatment of  chorio-
carcinoma. Consideration of  this lesion in a patient with 
an undiagnosed liver mass is essential, necessitating evalu-
ation of  serum hCG level and urgent liver biopsy. 

CASE REPORT
A 49-year-old male presented to the emergency room 
with acute right-sided abdominal pain and fever. He had 
a previous history of  diabetes mellitus and hepatitis C. 
Physical examination was positive for abdominal tender-
ness. Contrast-enhanced computed tomography (CT) 
and magnetic resonance imaging (MRI) scans revealed 
a multi-nodular hepatic tumor more than 10 cm in di-
ameter in the right lobe (Figure 1A). Laboratory data 
showed white blood count (WBC) and liver function tests 
within normal limits but an elevated C-reactive protein 
to 8.75 mg/L. Serum carcinoembrionic antigen (CEA) 
was elevated to 18.5 ng/mL but α-fetoprotein (AFP) 
and CA19-9 were within normal limits. We suspected a 
metastatic liver tumor or intra-hepatic cholangiocarci-
noma. Endoscopy found no primary lesion in the gas-
trointestinal tract and fludeoxyglucose-positron emission 
tomography (FDG-PET) scan showed abnormal uptake 
only in the liver (Figure 1B). We planned to perform liver 
resection with a presumptive diagnosis of  intra-hepatic 
cholangiocarcinoma but avoided performing a liver bi-
opsy due to the risk of  dissemination. Before he could 
undergo liver resection, the tumors grew rapidly and rup-
tured (Figure 2A). Multiple lung metastases rapidly devel-
oped, accompanied by severe respiratory failure (Figure 
2B). Due to pulmonary, biopsy or resection of  the liver 
were not possible and the patient died 60 d after initial 
presentation. 

At autopsy, the liver weighed 4080 g with numerous 
hemorrhagic satellite nodules in the right lobe. There 
were multiple hemorrhagic lung nodules up to 3 cm in 
diameter, and microscopic metastases were identified in 
other viscera, including a para-aortic lymph node, the 
right adrenal gland, peritoneum, right renal capsule, and 
spleen. There was no malignant change or scar in the tes-
tes. Histological findings of  the hepatic tumors showed 
choriocarcinoma with a biphasic pattern of  mononuclear 

cytotrophoblasts and giant multi-nucleated syncytiotro-
phoblast cells (Figure 3A).

Immunohistochemistry was positive for an antibody 
to hCG subunits α (Figure 3B) and β (Figure 3C). Con-
trol tissue slides of  placental chorionic villi stained with 
the same antibody showed staining limited to the syncy-
tiotrophoblast layer. The syncytiotrophoblast cells in the 
liver were strongly positive for hCG, as were those in the 
other organs involved. Serum hCG was evaluated post-
mortem, significantly elevated at 53000 IU/mL.

DISCUSSION
Choriocarcinoma is an uncommon, aggressive tropho-
blastic malignant neoplasm that is prone to early hema-
togenous metastases. It typically presents as a primary 
tumor of  the uterus or genital tract in gestational females. 
In males the primary lesion is usually in the testes, but 
represents only 1% of  all testicular tumors[2]. Extra-
genital choriocarcinomas are less common, and often 
exist with other carcinomas, tending to occur in mid-line 
organs[1]. Pure extra-genital non-midline choriocarcino-
mas are the least common type. Only seven previous 
male patients with choriocarcinoma of  the liver have 
been reported in the English language literature (Table 
1)[3-5]. Hepatic choriocarcinoma has been recognized as 
a primary malignant tumor of  the liver since 1992 when 
first reported by Fernández Alonso et al[3]. The other pa-
tients were reported from Asia (China and Japan), with a 
majority from China[4,5].

The patient in this report presented with acute ab-
dominal symptoms and a multi-nodular tumor in the 
right lobe of  the liver. Based on radiographic appearance, 
an elevated serum CEA and the absence of  a lesion in 
the gastrointestinal tract, the leading diagnosis was intra-
hepatic cholangiocarcinoma. FDG-PET scan showed no 
other lesions, including the testes. Based on these find-
ings, a liver resection was planned in this patient. FDG-
PET scan has been reported previously in the diagnosis 
of  choriocarcinoma[6,7]. Furthermore, FDG-PET scan is 
also useful to evaluate the efficacy of  treatment of  liver 
lesions such as surgery or chemotherapy[6].

In the differential diagnosis of  malignant liver tu-
mors in a patient presenting with an acute abdomen, 
sarcomatous changes from hepatocellular carcinoma or 
cholangiocarcinoma must be considered. Both of  these 
tumors can have a rapid clinical course and generally have 
poor outcomes. Sarcomatous change in primary liver 
tumors has been reported from Asian countries as well 
as choriocarcinoma[8-10]. Sarcomatous changes are seen 
in about 2%-4% of  patients with resected hepatocellular 
carcinoma. Patients with sarcomatous changes have a 
worse prognosis than that in patients with typical hepatic 
lesions. More than half  of  the patients with sarcomatous 
changes died within a year of  resection[8]. 

The characteristic laboratory finding in choriocar-
cinoma is an elevated hCG level in the blood or urine. 
This patient had an elevated serum hCG level in a post-
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mortem blood sample. In male patients, there are few 
reasons to evaluate serum hCG levels except in patients 
with testicular tumors[11-13]. When we evaluate a middle 
aged patient with an aggressive liver tumor, we recom-
mend checking serum hCG as tumor marker in addition 
to AFP, CEA and CA19-9. 

The strategy for choriocarcinoma of  the liver is not 
established because of  its rarity and highly malignant 
behavior. We believe that urgent liver resection before 
manifestation of  distant metastases and chemotherapy 
may be the best course for prolongation of  survival. In 

a patient with gastric choriocarcinoma and multiple liver 
metastases, Waseda et al[14] reported pathological complete 
response using etoposide and cisplatinum, with a two year 
disease-free survival after surgical resection. Methotrexate 
and actinomycin D may also be important agents in the 
treatment of  choriocarcinoma. The use of  cyclophospha-
mide, etoposide and vincristine have also been reported. 
Cisplatinum and 5-FU were used in other reports. Shi et 
al[5] reported five patients with hepatic choriocarcinoma. 
Two of  the five patients underwent liver resection with 
adjuvant chemotherapy, and three of  the five patients 
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Figure 1  Enhanced computed tomography of the liver and fludeoxyglucose-positron emission tomography. A: Enhanced computed tomography showed a 
multi-nodular tumor in the right lobe of the liver; B: Fludeoxyglucose-positron emission tomography scan showed accumulation in the liver with no accumulation in the 
testes. 

BA

Figure 2  Computed tomography and chest X-ray following ruptured of the tumors with respiratory failure. A: Computed tomography scan following rupture 
of the tumors showed an enlarged tumor with ascites and a right pleural effusion; B: Chest X-ray showed multiple lung metastases clinically associated with severe 
respiratory failure.
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Figure 3  Photomicrographs of the liver tumor. A: Ovoid mononuclear cytotrophoblast cells (long arrow) encircled by large amorphous multinuclear syncytiotropho-
blast cells (short arrows) among dark-red hemorrhagic tissue (hematoxylin and eosin, × 400); B: Immunohistochemical stain showing α-human chorionic gonadotropin 
(hCG) positive cells (× 400); C: Immunohistochemical stain showing β-hCG positive syncytiotrophoblast cells (× 400).
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Pathological diagnosis
Liver biopsy with immunohistochemistry is recommended.
Treatment
Urgent surgical resection and chemotherapy is recommended.
Term explanation
Hepatic choriocarcinoma in a middle-aged male is the least common.
Experiences and lessons
In a middle-aged male with an aggressive liver tumor, evaluation of serum hCG 
levels and liver biopsy should be performed. 
Peer review
The study reported a case of a patient suffering primary hepatic choriocarcino-
ma, which is a kind of very rare, especially in men, and malignant trophoblastic 
cancer. The description of this case is very interesting for the detection and 
differentiation of this type of aggressive tumour among other primary liver can-
cers and the conclusions are enlightening for the clinical management of these 
patients.
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with distant metastases were treated with chemotherapy 
after needle biopsy. The two patients who underwent 
resection survived only six and eight months respectively, 
despite having received adjuvant chemotherapy. Of  the 
three other patients reported, two were diagnosed with 
undifferentiated carcinoma and one with metastatic cho-
riocarcinoma by needle biopsy. These patients underwent 
chemotherapy including 5-FU and platinum, but all died 
within five months. 

Liver biopsy was not performed in the present patient 
because the diagnosis of  intra-hepatic cholangiocarcinoma 
was suspected, and biopsy could result in an increased risk 
of  tumor dissemination. His condition rapidly deterio-
rated due to respiratory failure, which precluded the safe 
conduct of  any invasive procedures. The diagnostic ac-
curacy of  needle or aspiration biopsy is not adequate, and 
may lead to an incorrect diagnosis of  poorly differentiated 
carcinoma because of  the similarity to cytotrophoblasts. 
The accuracy of  liver biopsy is still controversial in es-
tablishing the diagnosis of  choriocarcinoma. However, in 
order to enable rapid treatment of  such an aggressive tu-
mor, liver biopsy should be performed without hesitation. 

In a middle-aged male patient with an aggressive liver 
tumor, evaluation of  serum hCG levels in addition to 
other liver tumor markers should be performed. Liver 
biopsy is important, especially in Chinese and Japanese 
patients, to detect this rare and highly malignant tumor.
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Case characteristics
Acute abdominal pain and fever in a 49-year-old man.
Clinical diagnosis
Primary hepatic choriocarcinoma.
Differential diagnosis
Sarcomatous changes from hepatocellular carcinoma or cholangiocarcinoma.
Loboratory diagnosis
Elevated hCG in blood or urine is definitive.
Imaging diagnosis
Multi-nodular liver tumor with uptake by FDG-PET.

Table 1  Previous reports of men with primary hepatic 
choriocarcinoma

Ref. Year Age, yr Time to death

Fernández Alonso et al[3] 1992 62 1 yr
Arai et al[4] 2001 65 45 d
Shi et al[5] 2010 39 6 mo
Shi et al[5] 2010 45 2 mo
Shi et al[5] 2010 48 3 mo
Shi et al[5] 2010 36 5 mo
Shi et al[5] 2010 40 8 mo
Present case 2011 49 2 mo
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Abstract
Autoimmune pancreatitis (AIP) is a form of chronic 
pancreatitis that is categorized as type 1 or type 2 
according to the clinical profile. Type 1 AIP, which 
predominantly presents in a few Asian countries, is a 
hyper-IgG4-related disease. We report a case of IgG4-
related AIP overlapping with Mikulicz’s disease and 
lymphadenitis, which is rare and seldom reported in 
literature. A 63-year male from Northeast China was 
admitted for abdominal distension lasting for one 
year. He presented symmetric swelling of the parotid 

and submandibular glands with slight dysfunction of 
salivary secretion for 6 mo. He had a 2-year history 
of bilateral submandibular lymphadenopathy with-
out pain. He underwent surgical excision of the right 
submandibular lymph node one year prior to admis-
sion. He denied any history of alcohol, tobacco, or il-
licit drug use. Serological examination revealed high 
fasting blood sugar level (8.8 mmol/L) and high level 
of IgG4 (15.2 g/L). Anti-SSA or anti-SSB were nega-
tive. Computed tomography of the abdomen showed 
a diffusely enlarged pancreas with loss of lobulation. 
Immunohistochemical stain for IgG4 demonstrated dif-
fuse infiltration of IgG4-positive plasma cells in labial 
salivary gland and lymph node biopsy specimens. The 
patient received a dose of 30 mg/d of prednisone for 
three weeks. At this three-week follow-up, the patient 
reported no discomfort and his swollen salivary glands, 
neck lymph node and pancreas had returned to normal 
size. The patient received a maintenance dose of 10 
mg/d of prednisone for 6 mo, after which his illness 
had not recurred. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: IgG4-related disease; Type 1 autoimmune 
pancreatitis; Mikulicz’s disease; Lymphadenitis

Core tip: We report a rare case of a 63-year-old North-
east Chinese man who suffered from IgG4-related 
disease (RD) which involved the salivary glands, lymph 
node and pancreas. The patient responded promptly 
to prednisone therapy. Further identification and char-
acterization of such cases is required to elucidate the 
prevalence and clinical features of IgG4-RD in China.
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INTRODUCTION
Autoimmune pancreatitis (AIP) is an uncommon form 
of  chronic pancreatitis that was first described in Japan 
in 1995[1]. Two subtypes of  AIP have been so far recog-
nized[2,3]. Type 1 AIP is related to high levels of  serum 
IgG4, dense periductal lymphoplasmacytic infiltration 
and obliterative venulitis, while type 2 AIP is an IgG4-
independent pancreatic disease that is characterized by 
neutrophilic infiltration into the epithelium of  the pan-
creatic duct[3,4]. Although 20%-40% of  AIP cases are type 
2 in the United States and Europe, most cases of  AIP in 
Japan and Korea are type 1, and type 2 is quite rare[5]. The 
prevalence and clinical features of  AIP in China has not 
been fully clarified so far. 

Mikulicz’s disease (MD) refers to bilateral and sym-
metrical swelling of  the lacrimal, parotid, and submandib-
ular glands. Based on histological similarities reported by 
Morgan et al[6] in 1953, MD was considered a subtype of  
Sjögren’s syndrome (SS). However, several recent reports 
from Japan have revealed that MD is associated with el-
evated serum IgG4 levels and prominent infiltration of  
IgG4-positive plasmacytes[7,8]; these findings are distinct 
from those of  SS and have resulted in the recognition of  
MD as a singular systemic IgG4-related plasmacytic dis-
ease[9]. 

In this report, we describe a case from Northeast 
China of  IgG4-related autoimmune pancreatitis overlap-
ping with Mikulicz’s disease and lymphadenitis. This rare 
clinical condition has seldom been reported in literature.

CASE REPORT
A 63-year male from Northeast China was admitted for 
abdominal distension lasting for one year. He presented 
symmetric swelling of  the parotid, and submandibular 
glands with slight dysfunction of  salivary secretion for 6 
mo. He had a 2-year history of  bilateral submandibular 
lymphadenopathy without pain. He underwent surgical 
excision of  the swollen lymph node in the right subman-
dibular region one year prior to hospital admission. The 
patient denied any history of  alcohol, tobacco, or illicit 
drug use. On admission, his blood pressure was 136/88 
mmHg, pulse rate was 72/min, and body temperature 
was 36.7  ℃. On examination, he had bilateral swelling 
of  the parotid and submandibular glands as well as left 
swelling of  the submandibular lymph node. His mouth 
was dry. Abdominal examination revealed mild epigastric 
tenderness to deep palpation without rebound.

The laboratory test data on admission revealed an 
elevated neutrophil ratio of  76%, and an elevated fasting 
blood sugar level of  8.8 mmol/L. Serum amylase was 42 
U/L and serum lipase was 65 U/L, both within normal 
limits. Serological testing for autoimmune function dis-
played high levels of  IgG4 (15.2 g/L) and IgG (18.5 g/L), 

and negative values of  anti-SSA and anti-SSB. A com-
puted tomography (CT) scan of  the abdomen revealed 
diffuse enlargement of  the pancreas and loss of  normal 
pancreatic lobulation, consistent with autoimmune pan-
creatitis (Figure 1A).

The patient underwent a minor labial salivary gland 
biopsy for a possible diagnosis of  MD. Labial gland 
specimens stained with hematoxylin and eosin revealed 
significant infiltration of  lymphocytoplasma cells in the 
patient, but no infiltration of  these cells in a healthy indi-
vidual (Figure 2A and B). Immunohistochemical staining 
showed numerous IgG4-positive plasmacytes in the labial 
gland of  the patient, with a ratio of  IgG4/IgG-positive 
plasmacytes of  more than 50% (Figure 2C and D). 

Since both autoimmune pancreatitis and MD meet 
the criteria for IgG4-related disease, we investigated the 
IgG4 status of  the patient’s swollen lymph nodes. Lymph 
node specimens collected from the patient by excision 
of  the right submandibular lymph node one year prior to 
admission ago were examined for IgG4 and IgG using 
immunohistochemistry. As shown in Figure 3, there were 
diffuse infiltrations of  IgG4-positive plasma cells in the 
patient’s lymph node. The ratio of  IgG4/IgG-positive 
cells was greater than 40% thus meeting the diagnostic 
criteria for IgG4-related lymphadenitis.

  On the 8th d after admission, the patient was diag-
nosed with IgG4-related systemic disease. He received 
30 mg/d of  prednisone for three days without any side 
effects, and was then discharged with the same steroid 
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Figure 1  Typical imaging features of type 1 autoimmune pancreatitis. 
Computed tomography (CT) scan showing diffuse swelling of the pancreas with 
loss of lobulation (A), and a dramatic decrease in swelling of the pancreas after 
3 wk of steroid treatment (B). 



dose for the following 3 wk. At three-week follow-up the 
patient exhibited no signs of  either a dry mouth or ab-
dominal distension. His swollen glands including parotid 
and submandibular glands as well as left submandibular 
lymph node were no longer palpable. The enlarged pan-
creas had returned to its normal size (Figure 1B) and 
elevated morning glucose levels were within the normal 
range. The patient then received a long-term maintenance 
dose of  10 mg/d of  prednisone after steroid tapering. At 
six-month follow-up, his illness had not recurred. 

DISCUSSION
Yoshida et al[1] first proposed the concept of  AIP in 1995 

based on observations of  patients who had hyper-γ glob-
ulinemia, various autoantibodies, lymphocytic infiltration 
into pancreatic tissue, and good steroid responsiveness. 
In 2002 Hamano et al[10] reported high serum IgG4 con-
centrations in Japanese AIP patients and abundant IgG4-
producing plasma cell infiltration in pancreatic tissue. 
Some cases of  AIP in Europe or America appear to rep-
resent an “idiopathic duct-centric chronic pancreatitis”, 
which are caused by neutrophilic granulocyte infiltration 
and are not related to IgG4[11]. In 2009, Sugumar et al[12] 
suggested that IgG4-related AIP should be named as type 
1 and neutrophilic granulocyte lesions of  AIP as type 
2[12]. Over the last decade, international consensus diag-
nostic criteria for AIP were established to be applicable 
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Figure 2  Histological findings of labial salivary gland specimens. A: Hematoxylin and eosin stain showing normal labial gland; B: Diffuse infiltration of lympho-
plasma cells from the patient; C, D: Immunohistochemical  staining for IgG4 (C) or IgG (D) in plasma cells from the patient, consistent with Mikulicz’s disease. Original 
magnification, × 400.

BA

Figure 3  Histological findings of submandibular lymph node specimen. Immunohistochemical staining showing IgG4-positive plasma cells (A) and IgG-positive 
plasma cells (B) in lymph node sections of the patient. Original magnification, × 400. 

Qu LM et al . IgG4-related disease in China



9493 December 28, 2013|Volume 19|Issue 48|WJG|www.wjgnet.com

abundant infiltration of  IgG4-positive cells[11,13]. In this 
case, the clinical and histopathological features of  the pa-
tient met diagnostic criteria for IgG4-related type 1 AIP 
and MD respectively. Additionally, the patient presented 
abundant infiltration of  IgG4-positive plasma cells in 
lymph node tissue (> 40% IgG4/IgG-positive cells) and 
good steroid responsiveness, which fully met the diagnos-
tic criteria for IgG4-related lymphadenitis[13].

In summary, we report a rare case of  a 63-year-old 
Northeast Chinese man who suffered from IgG4-RD 
which involved the salivary glands, lymph node and pan-
creas. The patient responded promptly to prednisone 
therapy. Further identification and characterization of  
such cases is required to elucidate the prevalence and 
clinical features of  IgG4-RD in China and their relation-
ship to similar cases in Japan.
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