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Abstract
The brain-gut axis serves as the bidirectional connection 
between the gut microbiome, the intestinal barrier 
and the immune system that might be relevant for 
the pathophysiology of inflammatory demyelinating 
diseases. People with multiple sclerosis have been shown 
to have an altered microbiome, increased intestinal 
permeability and changes in bile acid metabolism. 
Experimental evidence suggests that these changes can 
lead to profound alterations of peripheral and central 
nervous system immune regulation. Besides being of 
pathophysiological interest, the brain-gut axis could also 
open new avenues of therapeutic targets. Modification of 
the microbiome, the use of probiotics, fecal microbiota 
transplantation, supplementation with bile acids and 
intestinal barrier enhancers are all promising candidates. 
Hopefully, pre-clinical studies and clinical trials will soon 
yield significant results. 

Key words: Multiple sclerosis; Microbiome; Intestinal 
barrier; Bile acids; Gut-brain axis

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Many studies suggest that the brain-gut 
connection can contribute to our knowledge of the 
pathophysiology of neurological conditions. Recent 
evidence suggests that people with multiple sclerosis 
have changes in their gut microbiome, their intestinal 
barrier and even in the metabolism of bile acids. All of 
these represent relevant therapeutic targets that could 
feasibly be addressed by pre-clinical and clinical studies. 
This knowledge acquired in the bench might soon be 
translated to the bedside.
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INTRODUCTION
Clinical and preclinical studies have shown bidirectional 
interactions within the brain-gut axis and the gut 
microbiome, the intestinal barrier and the immune 
system, both in health and disease. These complex 
interactions might be relevant for the pathophysiology 
of inflammatory demyelinating diseases, and in par
ticular, multiple sclerosis, where much interest has been 
placed in the recent literature.

THE GUT MICROBIOME
Much interest has been placed recently on the possible 
role of the gut microbiome in multiple sclerosis (MS) 
pathophysiology. Many review articles on this subject 
have recently been published[1-3], perhaps more than 
original research articles that actually characterize the 
gut microbiome in patients with MS. This research is in 
keeping with the essential role that the gut microbiome 
has in regulating the development of the immune 
system[4]. This area of research has also been the subject 
of recent symposia in international MS conferences[5,6].

Much of the experimental evidence is derived from 
studies using the experimental autoimmune encepha
lomyelitis (EAE) mouse model of MS. Modifying the gut 
microbiota with either antibiotic cocktails or probiotics 
leads to EAE attenuation as well as a multitude of 
regulatory immune responses[7-9]. Animals bred in germ-
free conditions are resistant to EAE induction and show 
an attenuated immunological response[10,11], an effect 
lost when mice are repopulated with gut commensals[11]. 
In recent intriguing experiments, transgenic mice prone 
to spontaneous brain autoimmunity developed severe 
disease when transplanted with fecal microbiota from MS 
patients, as opposed to mice that received fecal microbiota 
from healthy matching twins[12]. Germ-free mice receiving 
similar transplants also developed severe EAE, while 
showing altered peripheral immune responses[13].

From studies attempting to characterize the compo
sition of the microbiome, it is clear there are some 
differences in people with MS compared to controls. 
People with relapsing-remitting MS (RRMS) have an 
abundance of Anaerostipes, Faecalibacterium, Pseu­
domonas, Mycoplasma, Haemophilus, Blautia, and 
Dorea and a relative decrease of Bacteroides, Prevotella, 
Parabacteroides and Adlercreutzia[14-16]. In pediatric 
MS, patients have higher levels of members of Desulfo­
vibrionaceae and depletion in Lachnospiraceae and 
Ruminococcaceae[17,18]. Issues are further complicated 

by complex analyses at the taxa, phylum and species 
levels, and a myriad of microbes have been implicated. 
For example, studies have found a significant depletion 
in clostridial species[15,19], Butyricimonas[20], Roseburia[21] 
and an increase in Streptococcus[22], Methanobrevibacter, 
Akkermansia and Coprococcus[14,20].

However, there are some limitations to these studies. 
The methods used to analyze the microbiome have been 
heterogeneous, with most (but not all) studies using a 
variation of 16S sequencing. There are differences in 
sample processing, DNA extraction, choice of primers, 
databases and hyper-variable regions analyzed across 
studies. Furthermore, close to two thirds of patients 
with MS have gastrointestinal symptoms such as consti
pation, dyspepsia and other functional gastrointestinal 
disorders[23], and many of these have been also 
associated with an altered gut microbiota[24]. Studies so 
far have not properly accounted for these symptoms 
or other relevant variables such as diet. An ongoing 
International MS Microbiome study aims to define a 
“core microbiome”[3]. It might shine some light into this 
complicated field.

Nonetheless, there is mounting experimental evidence 
that the gut microbiome may play a role in MS patho
physiology and human studies suggest that patients 
have a different microbiome compared to controls. Of 
course, the true significance of the results obtained so far 
is unclear, considering that there has often been a failure 
to replicate microbiome animal studies in humans. But 
the next question that comes to mind is whether this can 
also constitute a relevant therapeutic target. Although this 
appears to be the case in experimental models, translation 
to clinical practice may prove challenging.

Modifying the microbiome through medications, possi
bly antibiotics, could be the simplest method, but several 
issues arise that question the feasibility of this approach. 
Targeting specific commensals might prove difficult and 
requires appropriate identification of these targets. The 
case of minocycline is an interesting example. Recently 
shown to delay the occurrence of a second demyelinating 
event in patients with a clinically isolated syndrome[25], 
minocycline is an antibiotic known to alter the gut mi
crobiome[26]. Whether this is an additional mechanism of 
action remains unknown; it is noteworthy that the initial 
rationale for testing minocycline in early MS is based on 
its various immune-modifying properties[27]. On the other 
hand, there is also evidence that MS disease modifying 
therapies (DMTs) may alter the microbiome directly[26], 
and indeed, it also appears that a multitude of other 
medications such as antidepressants, antipsychotics 
and immune modulators may also do so[28]. Issues such 
as the generation of resistant strains are also worthy of 
consideration.

Probiotics are a popular option but there are various 
issues with their practical implementation. Probiotics do 
not modify the host microbiome in a robust and persistent 
manner, although they are purported to be able to 
influence gut immunity and homeostasis. Despite success 
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in showing a benefit for probiotics in animal models[29,30], 
there are only a handful of clinical trials in MS. Results 
have been preliminary, with some modest beneficial 
trends in clinical variables and some biochemical markers 
of changes in peripheral immune function[31-33]. However, 
they have included very small numbers of patients and 
the duration of these trials have been too short to shed 
any light onto clinically meaningful outcomes. There are 
many barriers to be overcome, such as selecting the 
appropriate formulation, dose and study design. There is 
also a lesson to be learned from the multiple clinical trials 
in inflammatory bowel disease (IBD), where despite a 
wealth of available studies (although heterogeneous in 
design and quality), the evidence supporting their clinical 
use is limited to carefully selected subpopulations[34,35].

Fecal microbiota transplantation (FMT) would constitute 
the optimal strategy to modify the gut microbiome. It 
has proven to be remarkably effective in managing c. 
difficile colitis, and isolated case reports describe beneficial 
effects over MS disease course, through mechanisms that 
remain unclear[36,37]. A clinical trial of FMT is underway[38], 
but even before its completion, many questions arise. It 
is unclear which population should be studied and what 
characterizes an ideal donor, not to mention the dose, 
route of administration and dose scheduling (single dose 
vs multiple doses). Patient with c. diff colitis who undergo 
FMT have been previously treated with antibiotics such as 
vancomycin and metronidazole, and presumably, have 
had some of their microbiota depleted. Would patients 
with MS require “ablation” of their microbiome before 
FMT? DMTs have immune modulating properties and they 
may also directly alter the microbiome[26], so their possible 
effects on the “engraftment” cannot be underestimated. 

THE INTESTINAL BARRIER
The intestinal barrier is the physical and functional zone 
of interaction between the gut microbiome and the 
organism. It is a complex multi-layered structure that 
includes major portions of the gut immunological system 
and is essential for homeostasis[26]. However, it has been 
comparatively ignored regarding its possible role in MS 
pathophysiology. 

In experimental models, mice undergoing EAE show an 
altered intestinal barrier, with increased permeability and 
various gross morphological changes, as well as alterations 
in the expression of tight junction proteins in the intestinal 
mucosa[39]. The peak of intestinal barrier dysfunction 
mirrors the peak of EAE clinical severity and preventing 
intestinal barrier breakdown leads to attenuation of EAE[40]. 
These alterations have also been associated with several 
abnormal immunological responses.

Patients with MS also have an altered intestinal barrier. 
Almost 2 decades ago, investigators found that patients 
with MS had increased intestinal permeability when 
compared to controls, using an in vivo mannitol/lactulose 
ratio test[41]. Increased intestinal permeability was also 
found to be associated with the number of peripheral 
CD45RO+ B cells[41]. A more recent study confirmed this 

finding; up to 70% of MS patients had increased intestinal 
permeability[42]. It has been hypothesized that an altered 
intestinal barrier might lead to bacterial translocation 
thus allowing the passage of noxious molecules such 
as microbial associated molecular patterns. This could 
then alter peripheral immune responses or allow these 
molecules to enter the CNS and alter neuroimmunity[26,43].

Although the evidence linking the intestinal barrier 
with MS is much more limited than evidence linking MS 
with alterations of the gut microbiome, the question of 
whether it constitutes a viable therapeutic target is the 
same. Of course, the issue is complicated by the fact that 
the microbiome is essential in the regulation of intestinal 
barrier function, so it could be arbitrary to think of them 
as separate entities. An altered intestinal barrier is also 
a crucial aspect of the pathophysiology of IBD and celiac 
disease, so research from these fields has shed light on 
possible strategies to maintain intestinal barrier integrity.

One of the first components of the intestinal barrier 
is a thick mucus layer forming a protective film, enriched 
by secretory IgA and antimicrobial peptides and proteins. 
Oral supplementation with lecithin and phosphatidylcholine 
can adhere to the intestinal mucosa, strengthening 
the mucus layer and improving barrier function[44-46]. 
Regulators of tight junctions, such as larazotide, are under 
development. Larazotide is a peptide able to re-arrange 
tight junctions and prevent intestinal barrier dysfunction. 
It has been studied in patients with celiac disease with 
promising results[47-49].  Designing pre-clinical studies 
using these methods to enhance barrier function in the 
setting of autoimmune neurological disease should be 
straightforward. 

Although probiotics may not be the ideal method 
to modify the microbiome, they have been suggested 
to play a significant role in modulating barrier function. 
E. coli strain nissle has been marketed in Europe for 
many years as a probiotic with beneficial effects on the 
intestinal barrier[50]. It has moderate evidence from 
randomized trials showing it may lead to remission in 
ulcerative colitis[51] and in the EAE mouse model of MS it 
reduced disease severity by maintaining intestinal barrier 
function[40]. VSL#3 is another probiotic mixture with 
putative barrier-protecting properties[52]. There is evidence 
of clinical effectiveness in the management of chronic 
pouchitis in patients with ulcerative colitis[35,53]. VSL#3 
administered to a small number of MS patients leads to an 
anti-inflammatory peripheral immune response[33]. These 
two probiotic agents would be good candidates for a large, 
well-designed clinical trial.

Finally, we go full circle and return to FMT. It is believed 
that after successful modification of the microbiome, 
this strategy might lead to improved intestinal barrier 
function[54]. The gut microbiome is essential for the 
regulation of intestinal barrier homeostasis[55], partly 
through the production of short chain fatty acids (SCFA) 
such as butyrate, propionate and acetate. SCFAs can 
modulate tight junctions in the gut and modulate inflam
matory responses in the intestinal mucosa[44,55]. Other 
interesting alternatives have also recently been described 
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the management of some gastrointestinal diseases for 
decades. A clinical trial of bile acid supplementation in MS 
is underway[65].

CONCLUSION
Exciting research suggests that the brain-gut axis, once 
an almost esoteric concept, might yield novel therapeutic 
targets in neuroimmunological diseases such as MS (Figure 
1). The often-symbiotic roles of the gut microbiome, 
intestinal barrier and even bile acids in the regulation of 
neuroimmune responses is beginning to be elucidated. If 
future pre-clinical and clinical studies confirm the relevance 
of intestinal barrier dysfunction, bile acid metabolism and 
the gut microbiome in the pathophysiology of MS, the next 
step will be to translate these findings into therapeutics. 
Only well designed clinical trials will answer whether 
interventions such as FMT, probiotics or barrier protectors 
yield clinically meaningful results. The time is right to 
assess whether the gut-brain axis can be transferred from 
the bench to the bedside.
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Abstract
Latin America, a region with a population greater than 
600000000 individuals, is well known due to its wide 
geographic, socio-cultural and economic heterogeneity. 
Access to health care remains as the main barrier 
that challenges routine screening, early diagnosis 
and proper treatment of hepatocellular carcinoma 
(HCC). Therefore, identification of population at risk, 
implementation of surveillance programs and access 
to curative treatments has been poorly obtained in 
the region. Different retrospective cohort studies from 
the region have shown flaws in the implementation 
process of routine surveillance and early HCC diagnosis. 
Furthermore, adherence to clinical practice guidelines 
recommendations assessed in two studies from Brazil 
and Argentina demonstrated that there is also room 
for improvement in this field, similarly than the one 
observed in Europe and the United States. In summary, 
Latin America shares difficulties in HCC decision-making 
processes similar to those from developed countries. 
However, a transversal limitation in the region is 
the poor access to health care with the consequent 
limitation to standard treatments for overall population. 
Specifically, universal health care access to the different 
World Health Organization levels is crucial, including 
improvement in research, education and continuous 
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medical training in order to expand knowledge and 
generation of data promoting a continuous improvement 
in the care of HCC patients.

Key words: Latin America; Liver cancer; Limitations; 
Challenge

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Which are the implications in regard to clinical 
decision making processes related to hepatocellular 
carcinoma (HCC) in daily practice in Latin America? 
Should we consider making these decisions taking into 
account both, local experiences and their feasibility 
together with the best available evidence in parallel 
with patient preferences? These decision-making 
processes must be individualized according to local 
barriers to health care systems. Primary prevention 
programs of liver diseases, surveillance for HCC and 
intervention programs following the best evidence will 
be possible only if we are aware of local barriers and 
develop efficient strategies to overcome them. 

Piñero F, Poniachik J, Ridruejo E, Silva M. Hepatocellular 
carcinoma in Latin America: Diagnosis and treatment challenges. 
World J Gastroenterol 2018; 24(37): 4224-4229  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v24/i37/4224.htm  
DOI: http://dx.doi.org/10.3748/wjg.v24.i37.4224

INTRODUCTION
Latin American comprises a region of the Americas 
of Latin origin, in which the most common speaking 
languages are Spanish and Portuguese. The region 
accounts for more than twenty million square kilometers 
of surface area, with more than six hundred million 
population. Due to its geographic extension, Latin 
America has a great socio-cultural heterogeneity and an 
important socio-economic difference among countries. 
While there are high earners like Chile and Uruguay with 
a gross domestic product (GDP) per capita over $20000, 
others like Haiti and Honduras have GDPs per capita 
lower than $ 5000[1]. At the same time, each country in 
itself is highly unequal, presenting some of the highest 
Globalization of Inequality (GINI) scores in the world. 
Brazil, Chile, Ecuador and Colombia all present GINIs 
above 0.45 for the year 2016; Argentina and Uruguay 
having slightly better scores[1]. In comparison, Sweden, 
Norway, Netherlands and Denmark all have GINI scores 
less than 0.30[1].

It is in this socio-cultural and economic scenario, 
where settles a large variety in access to health care 
systems in the region. These systems are mainly made 
up of a common payer and provider that is the state. 
However, in several countries, there are other type of 
health providers through social security and private 

insurances and providers. Furthermore, expenditure on 
access care in many Latin American countries comes 
from out-of-pocket money among high to middle 
income people. On the other hand, among low socio-
economic classes, expenditure comes purely and 
exclusively from public services, which in most of the 
cases provide with low to regular quality of medical care 
services and shortage of appropriate medical supplies 
and devices. 

WHERE DO WE STAND IN 
LATIN AMERICA REGARDING 
HEPATOCELLULAR CARCINOMA?
Hepatocellular carcinoma (HCC) is the second leading 
cause of cancer related death worldwide and the main 
cause of cancer in patients with cirrhosis. Incidence of 
HCC varies according to geographic location, depending 
on the prevalence of viral hepatitis among the world. 
The predominant reported causes of HCC in different 
geographic areas around the world have been related 
with chronic hepatitis C virus (HCV) or hepatitis B virus 
(HBV) infection and alcoholic liver disease[2-5]. Hete
rogeneous data regarding epidemiology of HCC in Latin 
America has been reported[6-12]. While HCV and alcoholic 
liver disease are the most frequent etiologies of HCC in 
the region, HBV is a leading cause in some countries, 
mainly in Brazil. More recently, we have observed a 
changing epidemiological trend of HCC towards an 
increasing non-alcoholic fatty liver disease, becoming an 
important public health burden in the region[6,7].

As previously proposed by the World Health 
Organization the structural challenge in the region is the 
uneven access to health care. To our knowledge there 
is not even one country with an integrated program 
to assist on the prevention of chronic liver diseases 
and early identification of the population at risk for 
developing HCC. Consequently, the common challenge 
for scientific societies is to induce regional policy 
makers to develop interventions and strategies able to 
identify the population at risk, implement surveillance 
programs, and improve access to curative and palliative 
treatments. Once we have assured access to adequate 
care we should move into next step which is the correct 
adherence to recommendations from clinical practice 
guidelines[2-5].

A clinical case scenario as an example of where do we 
fail in Latin America
The following clinical case demonstrates the regional 
shortcomings related to HCC diagnosis at late stages and 
its therapeutic consequences. A 60-year-old male patient 
with compensated cirrhosis and clinically significant portal 
hypertension due to chronic HCV infection, who started 
antiviral treatment with direct-acting antiviral agents, 
began an erratic path of ultrasound (US) screening for 
HCC. Surveillance was performed by non-liver expert 
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sonographers due to insurance’s related lack of access to 
academic sites. Initially a 24-mm nodule was visualized 
and he was recommended to stay on a follow-up visit 
with no further imaging evaluation. Twelve months 
later, another US was performed; this time the nodule 
grew to 38 mm. He performed an abdominal computed 
tomography (CT) scan with oral contrast only, and the 
finding of an “uncharacteristic” nodule leaded to a CT-
guided biopsy. The pathologic report was “nodules of 
hepatocellular regeneration separated by broad fibrous 
septa, cirrhosis”. Result: No cancer. His physician 
suggested him to continue life normally and the patient 
happily went home.

A year later, a liver specialist suggested him to 
perform an abdominal CT scan with intravenous contrast. 
A heterogeneous 80-mm diameter lesion in the right 
hepatic lobe with “non-characteristic findings” was 
observed. Not satisfied, the patient looked for a second 
opinion. A second hepatologist performed a three-
phase dynamic abdominal magnetic resonance imaging 
(MRI). Result: One lesion with arterial enhancement and 
wash out during portal and late phases: HCC of 83 mm, 
without vascular invasion. Serum alpha-fetoprotein value 
was 1200 ng/mL. 

In the end, the patient consulted at least 4 medical 
doctors during a 2-year period, with extended and 
inadmissible delay in HCC diagnosis that at this point 
will probably exclude him from potentially curative 
treatments. Where did we fail?

Early diagnosis of HCC: Challenges and areas of 
improvement
This case, clearly illustrates some of the reasons for 
failure in routine surveillance and HCC diagnosis at early 
stages in Latin America, and as a consequence, failure 
in the appropriate staging and selection of therapies. 

Screening failure entails three important points to be 
considered. First, absence of early identification of the 
population at risk, such as chronic HBV or HCV. Second, 

ineffective application of routine surveillance (semi-annual 
ultrasound performed by expert operators) and third, 
errors in interpretation of a positive or negative screening 
tests, misinterpreting its sensitivity and specificity.

Surveillance for HCC in Latin America demands 
a continuous improvement. Different retrospective 
cohort studies have shown flaws in the implementation 
process of routine surveillance, the consequent failure 
in the diagnosis in early stages and finally a notorious 
negative impact upon patient survival[8-12] (Table 1).

Overall, surveillance programs reported to be applied 
in less than 50% of the patients in Latin America. This 
number perhaps does not show the “real” regional 
situation, since most of this data came from academic 
rather than general hospitals. Consequently, screening 
failure for HCC in this region might be even greater, 
demanding strategies to improve its implementation 
such as application of US done by experts, correct 
interpretation of imaging tests and finally, adequacy of 
therapeutic decisions according to the best evidence-
based-medicine. Consequently, early HCC diagnosis 
should be the aim of these strategies.

As exemplified in the clinical case, the misuse of 
diagnostic tools delays the correct diagnosis. HCC 
diagnosis implies an appropriate oncologic imaging 
paradigm, not requiring histological confirmation for 
diagnosis in most of the cases. However, discordance 
between images and histology may occur. This situation 
has been reported up to 10% in Argentina when 
comparing imaging reports and explanted liver data 
from liver transplanted patients[13,14]. In a multicenter 
Latin American cohort study, false positives cases were 
less than 3%[15]. Two different situations need to be 
further clarified when discussing imaging accuracy 
against histological confirmation of HCC. On one 
hand, when false positives are considered, it should be 
important to address if complete necrotic nodules were 
included as false positive cases resulting in a biased 
report. On the other hand, discrepancy between images 
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Table 1  Surveillance for hepatocellular carcinoma in Latin America

Study Population Design Results

Fassio et al[8] n = 240 HCC Brazil, Arg, Colombia, 
Chile, Uruguay, Venezuela

Prospective cohort (Surveillance 
retrospectively analyzed)

54% under surveillance; BCLC A 70% 
vs 39% not under surveillance; No 

survival analysis
Paranaguá-Vezozzo et al[9] n = 884 Cirrhosis Child A-B Brazil, 

Sao Paulo
Retrospective cohort US ± AFP 

annual
HCC annual incidence 2.9%; 75% under 
annual surveillance; 80% within Milan, 

better survival
Piñero et al[10] n = 643 Cirrhosis, waiting list for 

liver transplantation. Argentina
Retrospective cohort Surveillance 
Failure = incidental HCC in the 

explant

US accuracy: S 33% and E 99%

Campos Appel-da-Silva et al[11] n = 453 Child A-C Cirrhosis Brazil, 
Porto Alegre

Retrospective cohort US ± AFP 
every 6 mo

50.7% under surveillance; More BCLC 
0-A vs no screening; Better survival 

within Milan criteria
Debes et al[12] n = 1336 HCC Brazil, Argentina, 

Colombia, Peru, Uruguay, Ecuador
Retrospective cohort 47% under surveillance; Better survival 

vs symptomatic diagnosis (adjusted for 
lead-time bias)

BCLC: Barcelona Clinic Liver Cancer; HCC: Hepatocellular carcinoma; US: Ultrasound.
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The BRIDGE study demonstrated the great hete
rogeneity in terms of the treatments performed world
wide at each stage and far from that recommended 
in the ideal situation[19]. Global and individual context 
makes therapeutic decisions in HCC heterogeneous 
in real life. Adherence to clinical practice guidelines 
recommendations varies between 40%-70% in different 
retrospective cohort studies[20-26]. Two Latin American 
studies evaluated adherence to BCLC and its impact on 
survival. In a study from Brazil, adherence to BCLC did 
not have a favorable impact on survival[25]. However, 
there was a selection bias when “non-adherence” was 
categorized in those patients within BCLC-D stage who 
were candidates for liver transplantation. Precisely, the 
BCLC clarifies in its footnote that these patients must 
be transplanted. In a dual cohort study in Argentina, 
adherence to BCLC was greater than 50%, being 
associated with better overall survival[26] (Table 2).

In summary, although Latin America shares some 
difficulties in HCC decision-making processes similar 
to those reported in some developed countries, we still 
have big gaps when compared to them. These gaps are 
seen in medical education, on early and accurate HCC 
diagnosis, and in universal access to good diagnostic 
technology and to curative treatments. Until they are 
corrected, discrepancy on HCC related survival would 
remain present.

PERSPECTIVE
Consequently, we shall make decisions considering 
local education, expertise and feasibility together with 

and explanted liver should be considered taking into 
account potential tumor progression, and locoregional 
response to treatments during the waiting list period.

Nevertheless this led to changes in diagnostic criteria 
for HCC in patients enrolled for liver transplantation 
in Argentina aimed to improve imaging diagnostic 
accuracy. Although the idea was novel, LIRADS criteria 
implementation leaded even to a greater uncertainty for 
those cases where HCC diagnosis is probable or possible 
(LIRADS 3 or 4). Moreover, imaging expert’s agreement 
on LIRADS in the daily practice has been not assessed 
at all. Thus, LIRADS system seemed to make the clinical 
decision making process even more complex in daily 
practice in that country[16,17].

Challenges regarding staging and adherence to 
recommended treatment options from clinical practice 
guidelines
HCC staging considering the Barcelona Clinic Liver 
Cancer (BCLC) algorithm has been recommended in 
different clinical practice guidelines[3,4], including that 
from the Latin American Association for the Study of 
the Liver (ALEH)[3]. However, strict adherence to these 
therapeutic recommendations is often not feasible in daily 
practice. This does not contradict the BCLC algorithm, 
since its explicitly recommends that the therapeutic 
choice must be individualized considering feasibility, 
access and preferences of the patients[18]. In addition, 
there are different guidelines and recommendations, 
including those from Asia (APASL)[5], Japan and South 
Korea. Consequently, there is a wide range of treatment 
algorithms when considering HCC.

Table 2  Adherence to clinical practice guidelines around the world and in Latin America

Study Population Design Results

Leoni et al[20] n = 227 HCV 58% Child A 54% Retrospective cohort (2005-2010) One 
center

At HCC diagnosis: BCLC 0-A 55%; Adherence to 
BCLC 60%; Higher adherence among BCLC A 86%

Gashin et al[21] n = 137 HCV 62% Retrospective cohort (2009-2010) One 
center

Adherence to BCLC 62%; Better overall survival; 
Heterogeneous causes of non-adherence

Kim et al[22] n = 3515 HBV 77% Child A 82% Retrospective cohort (2005-2009) One 
center

At HCC diagnosis: BCLC A 59%; Adherence to BCLC 
49%; Better survival for adherence, except BCLC-D 
(BCLC D who were transplanted were considered 

“non-adherence”)
Wallace et al[23] n = 292 OH-HCV 65% Retrospective cohort (2006-2014) One 

center
At HCC diagnosis: BCLC 0-A 64%; Adherence to 

BCLC 48% vs HKLC 56% (P.001); No better survival 
among BCLC adherence vs no-adherence but better 
survival among HKLC (TACE before transplant was 

considered “no-adherence”)
Guarino et al[24] n = 1008 HCV Child A 73% Retrospective cohort (2013-2015) 

Multicenter study
At HCC diagnosis: BCLC 0-A 59%; Adherence BCLC 

71%, lower in BCLC B 36% and C 46%; No better 
survival (TACE before transplant was considered 

“no-adherence”)
Kikuchi et al[25] n = 364 HBV 53% Child A 53% Retrospective cohort (2010-2012) One 

center
At HCC diagnosis: BCLC A 36%; Adherence BCLC 

52%; Lower adherence in BCLC C-D; No better 
survival, except in BCLC A (BCLC D who were 
transplanted were considered “non-adherence”)

Piñero et al[26] n = 708 HCV 58% Child A 54% Dual cohort (2009-2016) Multicenter 
study

At HCC diagnosis: BCLC 0-A 47%; Adherence BCLC 
53% initial, 63% subsequently; Adherence to BCLC: 

better survival HR 0.67 (CI: 0.52-0.87)

BCLC: Barcelona Clinic Liver Cancer; HKLC: Hong Kong Liver Cancer algorithm; HCV: Hepatitis C virus; HBV: Hepatitis B virus; TACE: Transarterial 
chemoembolization.
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the best available evidence. Ultimately, this decision-
making-process must be individualized[27].

Which are the areas for improvement in Latin America? 
Specifically, universal health care access as per World 
Health Organization recommendation is crucial. This 
includes improvement in transmission of information 
and medical education from academic to primary health 
care centers, focusing on prevention of development 
of liver diseases, identification of population at risk for 
HCC, systematic implementation of routine surveillance 
programs, improvement in the diagnostic work-up 
process and finally, promoting overall access to all 
treatments strategies which have shown improvement in 
patient’s survival (Figure 1). Finally, an important field 
to promote in the region is the development of research 
consortia such as the Latin American Liver Research 
Educational and Awareness Network, through which 
we can multiply medical education and generation of 
regional data necessary to develop efficient health 
interventions for improvement the care of patients with 
HCC[28].
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classically established using various macromorphological 
factors and serum alpha-fetoprotein levels prior to LT. 
However, other biomarkers have recently been reported 
to be associated with the prognosis of HCC patients 
undergoing to LT. This review summarizes clinical 
data on these new biomarkers. High blood levels of 
malondialdehyde, total antioxidant capacity, caspase-
cleaved cytokeratin-18, soluble CD40 ligand, substance 
P, C-reactive protein, and vascular endothelial growth 
factor, increased neutrophil to lymphocyte ratio and 
platelet to lymphocyte ratio in blood, high peripheral 
blood expression of human telomerase reverse 
transcriptase messenger ribonucleic acid, and high HCC 
expression of dickkopf-1 have recently been associated 
with decreased survival rates. In addition, high blood 
levels of des-gamma-carboxy prothrombin, and high 
HCC expression of glypican-3, E-cadherin and beta-
catenin have been associated with increased HCC 
recurrence. Additional research is necessary to establish 
the prognostic role of these biomarkers in HCC prior 
to LT. Furthermore, some of these biomarkers are also 
interesting because their potential modulation could help 
to create new research lines for improving the outcomes 
of those patients. 

Key words: Liver transplantation; Hepatocellular car
cinoma; Biomarkers; Outcome; Survival; Recurrence; 
Genomic
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the outcomes of those patients. This review summarizes 
clinical data on those new biomarkers.
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INTRODUCTION
Hepatocellular carcinoma (HCC), the most frequent 
primary liver malignancy, is one of the most common 
malignancies and causes of cancer-related deaths[1-3]. 
In liver transplantation (LT), the primary tumor is 
removed, and liver failure is treated. Therefore, LT 
is considered the treatment of choice for some HCC 
patients[1-11]. 

Various macromorphological factors assessed prior 
to LT have been classically used to predict the outcome 
of HCC patients undergoing LT. These factors include 
the tumor size, tumor number, degree of differen
tiation, hepatic microvascular invasion, hepatic macro
vascular invasion, being outside the Milan criteria and 
infiltration[1-11]. 

However, establishing biomarkers to be assessed 
prior to LT could strengthen the predictions of prog
noses for HCC patients undergoing LT. Currently, the 
most commonly studied biomarker are the serum al
phafetoprotein levels[1-11]. However, other biomarkers have 
recently been reported to be associated with the prognosis 
of HCC patients undergoing to LT. This review summarizes 
clinical data on these new biomarkers.

biomarkers
malondialdehyde
Oxidative stress can lead to membrane lipid peroxi
dation, which creates many end products, including 
malondialdehyde, which is a low molecular weight 
aldehyde that is produced during the degradation of 
cellular membrane phospholipids. It is formed when 
free radicals attack polyunsaturated fatty acids. Ma
londialdehyde can be released into the extracellular 
space, and it can ultimately reach the bloodstream. 
Therefore, it has been used as a circulating biomarker of 
lipid oxidation[12,13].

Some studies have reported higher levels of serum 
malondialdehyde in HCC patients[14-16] and patients 
with chronic liver disease than in healthy controls[17,18]. 
Additionally, studies have reported that the tumoral 
tissue of HCC patients has higher malondialdehyde 
concentrations than non-tumoral tissue[19]. Studies have 
also found higher free radical intensity in the erythrocytes 
of HCC patients than in healthy controls[20], higher serum 
concentrations of reactive oxygen metabolites in HCC 
patients who exhibit recurrence after curative treatment 

by radiofrequency ablation or surgical resection[21], 
and higher circulating lipid peroxide levels prior to LT in 
patients who do not survive LT than in survivors[22]. 

A study by our team reported, for the first time, that 
serum malondialdehyde levels prior to LT were higher in 
non-surviving patients than in patients who survived for 
one year after LT. We also found an association between 
serum malondialdehyde levels in HCC patients prior 
to LT and their survival at one year after LT[23]. These 
findings are consistent with those from other studies 
that have reported an association between circulating 
malondialdehyde levels and mortality in patients with 
sepsis[24], traumatic brain injuries[25], brain infarctions[26] 
and spontaneous intracerebral hemorrhaging[27].

Total antioxidant capacity
The production of reactive oxygen species (ROS) is 
balanced by the production of antioxidant defenses, 
and the analysis of total antioxidant capacity (TAC) 
could provide a global information in respect to the 
antioxidant status[28]. 

Some studies have found lower circulating TAC 
levels in LT patients than in healthy controls[18], and 
lower circulating TAC levels in HCC patients than in 
healthy controls[14,15].

A study by our team was the first to find that serum 
TAC levels prior to LT were lower in non-surviving than 
in surviving patients during the first one year after LT[29]. 
Besides, we found that there is an association between 
low serum TAC levels in HCC patients prior to LT and 
their survival at one year after LT. In addition, we found 
a negative association between serum levels of TAC and 
malondialdehyde; thus, patients with lower serum TAC 
levels showed higher lipid peroxidation.

I think that those findings could suggest that it is 
possible that non-survivor LT patients remains during 
the first one year after LT with low serum TAC levels 
and high serum malondialdehyde levels (due to a higher 
lipid peroxidation because the high ROS production is 
not balanced by an insufficient antioxidant capacity) 
compared to survivor patients.

Antioxidant agents have been shown to reduce 
malondialdehyde concentrations in animal models of 
sepsis[30] and brain trauma[31] as well as in clinical trials 
involving septic newborns[32], acute ischemic stroke[33] 
and traumatic brain injuries[34]. Additionally, in a clinical 
trial of traumatic brain injuries[34], the administration 
of antioxidant agents reduced mortality rate. Thus, 
since non-surviving HCC patients showed higher serum 
malondialdehyde levels prior to LT than surviving 
patients, it could be interesting to explore the benefit of 
the administration of antioxidant agents to HCC patients 
undergoing LT. Antioxidant treatment could potentially 
improve their prognoses, especially for patients with a 
higher oxidative state.

caspase-cleaved cytokeratin-18
Apoptosis, which leads to active and programmed cell 
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elimination, is increased in liver diseases[35-37]. Two main 
pathways exist (extrinsic and intrinsic) for cell death by 
apoptosis. The apoptotic extrinsic pathway is initiated 
when the tumor necrosis factor receptor superfamily 
(TNFRSF) is activated by its ligand (TNFSF). This 
leads to the formation of a death signal that activates 
caspase-8 and ultimately activates caspase-3. The 
intrinsic apoptotic pathway is activated via oxygen free 
radicals, interleukin (IL)-1, IL-6 and nitric oxide. These 
factors release cytochromes from the mitochondria 
to the cytosol, which activates caspase-3. Thus, both 
apoptotic pathways ultimately activate caspase 3, which 
leads to cell death.

Cytokeratin-18 is the main protein found in the in
termediate filaments of the liver and is present in most 
parenchymal and epithelial cells. During hepatocyte 
apoptosis, cytokeratin-18 is cleaved by caspases and can 
be released into the bloodstream as caspase-cleaved 
cytokeratin (CCCK)-18[35-39], which can be detected using 
M30 monoclonal antibodies[40,41].

Some studies have reported higher circulating 
CCCK-18 levels in patients with tumoral diseases than 
in healthy controls[42,43] and in patients with tumoral 
diseases that had a poor evolution[44-48]. Additionally, 
HCC patients have higher circulating CCCK-18 levels 
than healthy controls[49,50] or cirrhotic patients[51,52]. 
Studies have reported an association between serum 
CCCK-18 levels and mortality in HCC patients[53]. 

A study by our team found, for the first time, that 
serum CCCK-18 levels prior to LT were higher in non-
surviving patients than in patients who survived for one 
year after LT. Additionally, an association was found 
between serum CCCK-18 levels in HCC patients prior 
to LT and their survival for one year after LT[54]. These 
findings are consistent with the results of other studies 
that have shown that circulating CCCK-18 levels are 
associated with the prognosis of patients with various 
tumoral diseases[44-48], HCC[53], sepsis[55], traumatic brain 
injury[56] and cerebral artery infarction[57]. Additionally, 
circulating CCCK-18 levels have been associated with 
metastasis[45], serum AFP levels[46,54] and tumor size[47,48].

soluble CD40 ligand 
Soluble CD40 ligand (sCD40L) is a member in the TNFSF 
of proteins. It has proinflammatory and prothrombotic 
effects when bound to its receptor, CD40, which is also 
a member of the TNFRSF[58-65]. CD40L is mainly found 
in platelets and activated T-lymphocytes, although it is 
also present in smooth muscle cells, endothelial cells, 
microglia, monocytes, and B cells. When CD40L is 
cleaved, it is released into circulation and is present in its 
soluble form, sCD40L[58-65].

Some studies have reported higher circulating 
sCD40L levels in patients with ischemic stroke[66-69], 
acute coronary syndrome[70,71], and sepsis[72,73] than in 
healthy subjects. Additionally, high circulating sCD40L 
levels are associated with a poor prognosis in patients 
with ischemic stroke[69], acute coronary syndrome[74], 

sepsis[72,73] and traumatic brain injuries[75]. Patients with 
chronic hepatitis C virus infection[76], cirrhosis[77], and 
non-alcoholic fatty liver disease have been shown to 
exhibit higher circulating sCD40L levels than control 
subjects[78]. Furthermore, high circulating sCD40L levels 
are associated with a poor prognosis in HCC patients[79]. 

A study by our team was the first to report that 
serum sCD40L levels prior to LT were higher in patients 
who did not survive for one year after transplantation 
than in the surviving patients, and an association 
was also found between serum sCD4L levels in HCC 
patients prior to LT and survival for one year after LT[80]. 
These findings are consistent with the results of other 
studies reporting an association between circulating 
sCD40L levels and mortality in patients with cerebral 
infarction[69], acute coronary syndrome[74], sepsis[72,73] 
and traumatic brain injuries[75].

Circulating sCD40L levels could play a role in patients 
receiving LT for HCC by their proinflammatory[81,82] and 
procoagulant[83-88] effects. The proinflammatory effects 
of sCD40L may be due to an increase in the expression 
of proinflammatory mediators such as IL-1, IL-6, IL-12, 
TNF-alpha and interferon-gamma[81,82]. The procoagulant 
effects of sCD40L may be due to the induction of 
tissue factor expression[83-86], reduced expression of 
thrombomodulin[85,86] and its binding to glycoprotein Ⅱ
b/Ⅲa platelet receptor[87,88]. These proinflammatory 
and procoagulant effects could potentially favor 
the development of vascular thrombosis and organ 
dysfunction, ultimately resulting in patient death. 

The statin administration has been associated with 
a reduction of circulating sCD40L levels in patients with 
coronary artery disease[89-91] and an improvement in 
the prognosis of patients with ischemic stroke[92] and 
infections[93-96]. Therefore, as non-surviving HCC patients 
showed higher serum sCD40L levels prior to LT than 
patients who survived for one year after LT, it could 
be interesting to explore the benefit of administering 
sCD40L modulators to HCC patients who are undergoing 
to LT to improve their prognosis, especially for patients 
with higher sCD40L levels.

substance P
Substance P is a member of the tachykinin family, 
which is distributed by the central and peripheral 
nervous, respiratory and urinary systems and by the 
gut. Tachykinins may play a role in nociceptive res
ponses, inflammation, vasodilation and plasma protein 
extravasation[97-99].

Circulating substance P levels are elevated in patients 
with liver diseases compared to control subjects[100-106] 
and in patients with severe liver diseases[104-106].

A study by our team was the first to report that 
serum levels of substance P prior to LT were higher in 
patients who did not survive for one year after LT than in 
surviving patients. The study also found an association 
between serum levels of substance P in HCC patients 
prior to LT and mortality within one year after LT[107]. 
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normal liver converts the glutamic acid residues in the 
N-terminal portion of prothrombin by carboxylation in 
gamma-carboxyglutamic acid residues before its release 
into the peripheral blood. In many of HCC cells, the 
vitamin K dependent carboxylase that produces this 
carboxylation is absent; thus, an abnormal prothrombin 
is secreted. Several studies have found in multivariate 
analyses that high blood DCP levels are associated with 
a higher risk of HCC recurrence in HCC patients who 
undergo LT[123-127].

Glypican-3
Glypican (GPC)-3 is a member of the glypican protein 
family, which plays a role in regulating cell division and 
growth. One study reported that the protein expression 
of GPC-3 in HCC tissue samples prior to LT was 
associated with a higher rate of HCC recurrence after 
LT[128]; in addition, there was found that GPC-3 was 
expressed in 68% of HCC tissues, but not in adjacent 
non-tumoral tissues and in tissues of liver controls. 
Another study found that serum GPC-3 levels were 
higher in HCC patients than in cirrhosis patients[129]; 
however, the study did not examine the prognostic role 
of serum GPC-3 in HCC patients prior to LT.

Human telomerase reverse transcriptase messenger 
ribonucleic acid
Human telomerase reverse transcriptase messenger 
ribonucleic acid (h-TERT mRNA) is a ribonucleoprotein 
polymerase that maintains telomere ends in chromo
somes. High h-TERT mRNA expression in the peripheral 
blood of HCC patients who undergo LT has been 
associated with decreased survival and increased HCC 
recurrence[130,131]; however, in another study, h-TERT 
mRNA concentrations in the peripheral blood were not 
associated with HCC recurrence after LT[132]. Therefore, 
additional research is necessary to determine the 
prognostic role of h-TERT mRNA expression in the 
peripheral blood of HCC patients prior to LT.

Matrix metalloproteinase-9 
Matrix metalloproteinase (MMP)-9 is a member of the 
matrix metalloproteinases (MMPs), which are involved 
in degradation and remodeling of the extracellular 
matrix. MMPs play a role in physiological functions such 
as morphogenesis, tissue remodeling and the menstrual 
cycle. They are also involved in various diseases such as 
arthritis, tumors, atherosclerosis and sepsis. The activity 
of MMPs is regulated by several tissue inhibitor of matrix 
metalloproteinases (TIMPs). 

Contradictory results have been found with regard 
to MMP-9. Patients who undergo LT for HCC and have 
high MMP-9 expression in the tumor have exhibited 
an unfavorable rates of overall survival and HCC 
recurrence[133,134]. Another study in patients undergoing LT 
due to HCC or for cirrhosis without HCC found that high 
serum MMP-9 levels at one week after LT were associated 

These findings are consistent with the results of other 
studies that have reported an association between 
circulating serum P levels and mortality in patients with 
traumatic brain injuries[108] or ischemic stroke[109].

Substance P plays a role in the inflammatory res
ponse by producing inflammatory cytokines such as IL-1, 
IL-6 and TNF-alpha[110-114]. Various agents that reduce 
substance P activity have been identified in animal 
models of ischemic stroke[115-117] and traumatic brain 
injury[118,119]. These agents have been associated with a 
reduction in the inflammation process and edema. HCC 
patients who did not survive for one year after LT showed 
higher serum substance P levels prior to LT than surviving 
patients. Therefore, it could be interesting to explore 
the benefit of administering agents to control substance 
P activity to HCC patients undergoing LT, especially in 
patients with high circulating substance P levels.

Neutrophil to lymphocyte ratio and platelet to lymphocyte 
ratio
The blood neutrophil to lymphocyte ratio (NLR) and 
platelet to lymphocyte ratio (PLR) have both been 
used as biomarkers to evaluate systemic inflammatory 
responses. A meta-analysis published in 2017 by Zheng 
et al[120] analyzed the association between the NLR 
and PLR in the blood of HCC patients prior to receiving 
different treatments and its overall survival and HCC 
recurrence. The treatments included curative resection, 
transarterial chemoembolization (TACE), radiofrequency 
ablation (RFA), LT and chemotherapy. The authors 
examined the associations between the NLR and all 
treatments combined and individually. They found 
an association between a high NLR and both of the 
outcomes (poor overall survival and HCC recurrence) for 
all types of treatment. They also reported an association 
between a high NLR and survival when specifically 
analyzing LT. However, no association was found between 
the NLR and HCC recurrence when specifically analyzing 
LT. The authors also found an association between a high 
PLR and poor outcomes for all treatments combined and 
when analyzing LT specifically.

C-reactive protein 
C-reactive protein (CRP) is synthesized in the liver 
by hepatocytes in response to factors released by 
macrophages and adipocytes during inflammation and 
afterwards is released to blood; thus, blood levels of CRP 
increase in response to inflammation. Elevated blood 
CRP levels are associated in multivariate analyses with 
an increase in the risk of HCC recurrence and decreased 
survival in patients undergoing LT for HCC[121,122], overall 
in patients with HCC beyond the Milan criteria[121].

Des-gamma-carboxy prothrombin or protein induced by 
vitamin K absence or antagonist Ⅱ (PIVKA-Ⅱ)
Des-gamma-carboxy prothrombin (DCP) is a nonfun
ctional prothrombin form produced by the liver. The 
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with a higher rate of LT rejection[135]. However, one study 
also reported that high serum MMP-9 levels and low 
serum TIMP-1 levels in HCC patients receiving different 
treatments (curative resection, TACE, thermoablation, and 
LT) were associated with a higher survival rate, although 
the study did not specifically examine patients receiving 
LT because the sample size for that group was small[136]. 
Our group has previously reported a lower survival rate 
in patients with cerebral artery infarction[137], traumatic 
brain injury[138] and sepsis[139,140] who have high serum 
TIMP-1 levels than in patients who have low TIMP-1 levels. 
Therefore, additional research is necessary to establish 
the prognostic role of MMP-9 expression in the peripheral 
blood of HCC patients prior to LT.

E-cadherin 
E-cadherin is a member of the cadherin family of proteins, 
which are cell adhesion molecules that participate in 
the formation of junctions between cells. One study 
found that high serum levels of soluble E-cadherin were 
associated with increased recurrence of HCC after a 
curative resection[141]. Another study of HCC patients who 
underwent LT found that E-cadherin expression in the liver 
was associated with HCC recurrence after LT[142]. 

Beta-catenin 
Beta-catenin is a member of the catenin family of pro
teins, which also constitute a group of cell adhesion 
molecules that are involved in the formation of bonds 
between cells. A study of HCC patients who underwent 
LT found that beta-catenin expression in the liver was 
associated with HCC recurrence after LT[142]. However, in 
other recently published study, no association was found 
between beta-catenin expression in the liver prior to LT 
and the survival of HCC patients[143]. Therefore, additional 
research is necessary to establish the prognostic role of 
beta-catenin expression in the liver in HCC patients prior 
to LT.

AFP
AFP is a glycoprotein that is produced by the yolk sac and 
the fetal liver during fetal development. It is the most 
abundant plasma protein in the human fetus. Increased 
values are found in newborns (values gradually decrease 
to normal over the first year of life), pregnant women 
(values return to normal after delivery), and patients with 
various AFP-producing tumors such as HCC and tumors 
of the ovary and testis.

The blood AFP level is the most extensively studied 
biomarker in HCC patients undergoing LT. Elevated blood 
AFP levels are associated with decreased survival[144] 
as well as an increase in HCC recurrence[145] in patients 
undergoing LT for HCC.

A review of 13 observational studies published in 
2012 involving 12,159 patients who underwent LT for 
HCC examined the role of pre-LT circulating AFP levels in 
predicting survival and HCC recurrence[144]. Nine of the 
13 studies reported data about pre-LT serum AFP levels 

and survival. Only four studies reported absolute serum 
AFP values for all included patients, and the other studies 
used varying cut-off points for serum AFP levels. This 
heterogeneity precluded pooling of the data for a valid 
meta-analysis. The majority of the studies concluded 
that a high pre-LT serum AFP level was an independent 
predictor of death following LT for HCC. These studies 
also suggested that serum AFP levels higher than 1000 
ng/mL may predict poorer survival. Ten of the 13 studies 
reported data on HCC recurrence and pre-LT serum 
AFP values. All of these studies concluded that high AFP 
levels were associated with increased HCC recurrence 
following LT for HCC. The authors were unable to 
perform a meta-analysis on this research question due 
to the heterogeneity in the data reported by the studies. 
Additionally, some of the studies included in the review 
found that pre-LT serum AFP levels were correlated with 
vascular invasion and poor differentiation of HCC. 

A review and meta-analysis published in 2016 
examined the prognostic role of biomarkers in HCC 
recurrence in patients who underwent LT for HCC[145]. 
The review included 49 studies with a total of 13693 
patients that reported data on pre-LT serum AFP levels 
and HCC recurrence. However, the studies had 88% 
heterogeneity due to their use of varying definitions and 
cut-off values for AFP. Therefore, it was not possible to 
conduct a valid meta-analysis for this topic. However, 
a meta-analysis was performed using 17 of the studies 
with different cut-off values for pre-LT serum AFP levels, 
but the meta-analysis required a cut-off value higher 
than 400 ng/mL. In this analysis, an association was 
found between elevated pre-LT serum AFP levels and the 
risk of HCC recurrence (HR = 2.69; 95%CI: 2.08-3.47), 
with a heterogeneity of 46%.

Dickkopf-1
In several studies have been found higher circulating 
Dickkopf-1 (DKK1) levels in HCC patients than in healthy 
subjects[146-149] or than in patients with liver cirrosis 
without HCC[150,151]. In addition, in a meta-analysis 
published in 2014 including 4 studies[152] and in other 
recently published study[153] was found that higher DKK1 
expression levels in HCC patients were associated with 
lower survival. Besides, in one study was found that 
higher DKK1 expression is associated with lower survival 
and higher recurrence in HCC patients after LT[154].

Vascular endothelial growth factor 
In a meta-analysis of 11 studies was found that high 
serum Vascular endothelial growth factor (VEGF) leves 
in HCC patients were associated with lower survival[155]. 
In addition, in one study was found that high plasma 
VEGF levels in HCC patients previously to LT were 
associated with HCC recurrence and survival[156].

Caspase-1
Pyroptosis is a form of programmed cell death, which 
is dependent of caspase-1. In some studies has been 
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found lower caspase-1 expression in HCC tissues[157,158]. 
In a study was determined caspase-1 expression in 
HCC patients (from HCC tissues and adjacent normal 
tissues) and in hepatocyte cell lines[157]. There was 
found a significant decrease in caspase-1 expression 
in HCC tissues compared to adjacent normal tissues 
and hepatocyte cell lines. Besides, the use of berberine 
increased the expression of caspase-1, decreased cell 
number, and increased cell swelling in hepatocyte cell 
lines; and the use of the caspase-1 inhibitor Ac-YVAD-
CMK attenuated the effects of berberine. 

However, in one study has been found that liver 
tissue of patients infected with hepatitis C virus (HCV) 
showed caspase-1-mediated pyroptosis[159]. Besides, 
in other study of patients with resection of HCC was 
found lower survival in patients with high of caspase-1 
expression in normal tissues[160].

Angiopoietin-2 
Angiopoietin-2 is a protein that is involved in angiogenesis 
and inflammation[161]. In a recently published study of 
chronic HCV patients treated with direct acting antivirals 
(DAA) was found that angiopoietin-2 in liver tissue 
was related with the risk of HCC recurrence or de novo 
ocurrence. 

Another interesting finding of that study was that 
patients with HCC recurrence or de novo ocurrence 
had significantly higher portal pressure than patients 
never developing HCC[162]; and in previous studies was 
found that portal hypertension was associated with 
poor prognosis in patients undergoing to LT[163] or with 
HCC[164,165].

The risk of HCC occurrence or recurrence following 
DAA remains unclear due to that the results of different 
studies are contradictories. In a review published in 
2017 including 10 studies was found in meta-analyses a 
higher incidence of HCC occurrence and HCC recurrence 
with the administration of DAA[166]. However, in meta-
regression analyses after adjusting for study follow-

up and age, DAA therapy was not associated with 
higher HCC de novo ocurrence and neither with HCC 
recurrence. In the study by Faillaci et al[162] was found 
that the use of DAA was associated with de novo HCC, 
and that this risk is higher in patients with higher 
angiopoietin-2 expression.

Genomic
The Cancer Genome Atlas (TCGA) Research Network 
published in 2017 the genomic characterization of 
HCC[167]. There were analyzed 363 HCC cases by whole-
genome sequencing and DNA copy number, and 196 
HCC cases by DNA methylation, mRNA, miRNA, and 
proteomic expression. In total, 12136 genes had non-
silent mutations, and 26 genes were determined to be 
significantly mutated genes. Of these 26 genes, 18 were 
reported in at least one previous HCC genome sequencing 
study and 8 were not previously associated with HCC. 
Whithin of know mutated genes, the most included 
TERTpromoter (51%), TP53 (31%), CTNNB1 (27%), 
ALB (13%), APOB (10%), ARID1A (7%), AXIN1 (8%), 
ARID2 (5%), BAP1(5%), KEAP1 (5%), RB1 (4%), and 
NFE2L2 (3%). There were identified 8 novel mutated 
gene with a low frequence (2%-3% of HCC patients), 
including LTZR1, EEF1A1, AZIN1, RP1L 1, GPATCH4, 
CREB3L3, AHCTF1, and HIST1H1C. In addition, other two 
mutated genes previously associated with other cancer 
types were associated with HCC in this study, F3B1 and 
SMARCA4. Besides, integrative clustering of datasets of 
DNA copy number, DNA methylation, mRNA expression 
and miRNA expression could define three HCC subtypes 
(iClust 1 to 3), and iClust1 subtype had a poor prognosis. 
In addition, the analysis of these mutations and pathways 
provide potential directions for future potential therapeutic 
in HCC patients by the use of inhibitors of WNT, MDM4, 
MET, VEGFA, MCL1, IDH1, TERT. Thus, this genome-wide 
characterization has been very important in improving our 
knowledge about mutated genes associated with HCC, 
prognostic gene signatures and potential treatments[168].

Table 1  New prognostic biomarkers in patients undergoing liver transplantation for hepatocellular carcinoma

Biomarker Alteration Outcome Ref.

Malondialdehyde High circulating levels Lower survival [23]
Total antioxidant capacity High circulating levels Lower survival [29]
Caspase-cleaved cytokeratin-18 High circulating levels Lower survival [54]
Soluble CD40 ligand High circulating levels Lower survival [80]
Substance P High circulating levels Lower survival [107]
Neutrophil to lymphocyte ratio High circulating ratio Lower survival [120]
Platelet to lymphocyte ratio High circulating ratio Lower survival [120]
C-reactive protein High circulating levels Lower survival [121,122]
Des-gamma-carboxy prothrombin High circulating levels Higher recurrence [123-127]
Glypican-3 High HCC expression Higher recurrence [128]
H-TERT mRNA High peripheral blood expression Lower survival [130,131]
E-cadherin High HCC expression Higher recurrence [142]
Beta-catenin High HCC expression Higher recurrence [142]
Dickkopf-1 High HCC expression Lower survival [154]
Vascular endothelial growth factor High circulating levels Lower survival [156]

HCC: Hepatocellular carcinoma; H-TERT mRNA: Human telomerase reverse transcriptase messenger ribonucleic acid.
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CONCLUSION
Various macromorphological factors measured prior to 
LT have been classically used to estimate the outcomes 
of HCC patients undergoing LT. Additionally, the de
termination of some valid biomarkers prior to LT could 
help predict the prognoses of HCC patients undergoing 
LT. The most frequently examined biomarker is the 
serum AFP level. Recently, an association was reported 
between decreased survival rates and high blood levels 
of malondialdehyde, TAC, CCCK-18, sCD40L, substance 
P, CRP, and VEGF, NLR and PLR in blood, high peripheral 
blood expression of h-TERT mRNA, and high HCC 
expression of DKK1. In addition, an association has 
been found between increased HCC recurrence and high 
blood levels of Des-gamma-carboxy prothrombin, and 
high HCC expression of GPC-3, E-cadherin and beta-
catenin. Additional research is necessary to establish 
the prognostic role of these biomarkers for HCC prior 
to LT. Furthermore, some of these biomarkers are also 
interesting because their potential modulation could 
help to create new research lines for improving the 
outcomes of those patients. Those new biomarkers are 
summarized on Table 1.
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Abstract
Although colonoscopy has been proven effective in 
reducing the incidence of colorectal cancer through the 
detection and removal of precancerous lesions, it remains 
an imperfect examination, as it can fail in detecting 
up to almost one fourth of existing adenomas. Among 
reasons accounting for such failures, is the inability to 
meticulously visualize the colonic mucosa located either 
proximal to haustral folds or anatomic curves, including 
the hepatic and splenic flexures. In order to overcome 
these limitations, various colonoscope attachments aiming 
to improve mucosal visualization have been developed. All 
of them - transparent cap, Endocuff, Endocuff Vision and 
Endorings - are simply mounted onto the distal tip of the 
scope. In this review article, we introduce the rationale 
of their development, present their mode of action and 
discuss in detail the effect of their implementation in the 
detection of lesions during colonoscopy.

Key words: Adenoma detection rate; Adenoma miss rate; 
Colonoscopy; Cup; Endocuff; Endocuff Vision; Endorings

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Colonoscopy is the modality of choice for the 
detection and removal of precancerous lesions. However, 
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almost one fourth of adenomas can be lost during con
ventional colonoscopy. Their location proximal to the 
colonic folds or in proximity to anatomic flexures is one 
of the reasons for this particular detection failure. To over
come this caveat, various single-use devices mounted 
onto the tip of the scope have been developed. They 
facilitate lesions’ detection by manipulating and flattening 
the haustral folds. In this Minireview we present the 
development of these devices (Cap, Endocuff, Endocuff 
Vision and Endorings) and their effectiveness in improving 
detection rates of lesions during colonoscopy.

Gkolfakis P, Tziatzios G, Spartalis E, Papanikolaou IS, 
Triantafyllou K. Colonoscopy attachments for the detection of 
precancerous lesions during colonoscopy: A review of the literature. 
World J Gastroenterol 2018; 24(37): 4243-4253  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v24/i37/4243.htm  
DOI: http://dx.doi.org/10.3748/wjg.v24.i37.4243

INTRODUCTION
Colorectal cancer (CRC) is the second most lethal can­
cer among common cancers and more than 140200 
new CRC cases are expected to be diagnosed in the 
United States by the end of 2018[1]. Colonoscopy has 
been proven efficient for both diagnosis and screening 
of colorectal cancer. It allows the detection and con­
sequent removal of adenomas, the most well-known 
precancerous lesions, preventing CRC-associated 
death[2]. Adenoma detection rate (ADR)-the percentage 
of colonoscopies with at least one adenoma- has been 
associated with both decreased risk of interval CRC 
(i.e., CRC that is diagnosed in the meantime between 
a screening colonoscopy and the next recommended 
surveillance examination) incidence and death[3-5]. 
Thus, ADR has been established as the core quality 
indicator for colonoscopy[6]. However, colonoscopy 
stands far from being the perfect examination. Back-
to-back studies have shown that endoscopists fail to 
detect almost 25% of existing polyps and adenomas[7,8]. 
These miss rates are higher in the right colon, where 
a variant of precancerous lesions (the sessile serrated 
adenomas) that does not follow the classic adenoma-
carcinoma pathway of carcinogenesis occurs more fre­
quently[9,10]. To a great extent, missed lesions like these 
have been held responsible for the aforementioned 
interval cancers[11]. Inadequate bowel preparation, 
lack of physician’s expertise, inability to accurately 
visualize the colonic mucosa located proximal to the 
haustral folds or in proximity to anatomic flexures have 
been listed among the main reasons such lesions can 
be missed during a colonoscopy[12]. Lately, several 
devices-ranging from complex endoscopic systems to 
simple plastic attachments- have been developed, in 
an attempt to address this problem[13]. They promise 
to flatten the mucosa during scope withdrawal and 
facilitate maneuverability around anatomic flexures of­

fering meticulous mucosal visualization and detection of 
“hidden” lesions. In this review we aim to present the 
rationale that led to the development of these detachable 
devices, their evolution through time, their main mode 
of action and technical characteristics, as well as their 
impact on various patient-related colonoscopy outcomes. 
A comprehensive review of English literature published 
in MEDLINE until May 2018 was conducted. We aimed 
to identify high quality studies (randomized controlled 
trials and meta-analyses) using the following key words: 
“Cap”, “Cap-assisted colonoscopy”, “Endocuff”, “Endocuff-
Vision”, “Endocuff-assisted colonoscopy” and “Endorings”. 
Apart from ADR the following measures were assessed: 
polyp detection rate (PDR), i.e., the percentage of 
colonoscopies with at least one polyp, mean number of 
adenomas detected per colonoscopy (MAC), adenoma 
miss rate-the percentage of adenomas missed by 
the index examination and detected by the tandem 
colonoscopy- and advanced ADR (the percentage of 
colonoscopies with at least one advanced adenoma).

THE CAP
The transparent cap is a simple, single-use device made 
of thermoplastic elastomer (Figure 1). It was initially 
designed to facilitate endoscopic mucosectomy, since 
it enables an optimal field of view by maintaining an 
appropriate distance between the endoscope tip and 
the intervention site[14]. Originally launched by Olympus 
(Olympus America Inc., Center Valley, PA, United States), 
it is available in various sizes, in order to accommodate 
all types of endoscopes. Its rounded edge prevents tis­
sue damage during contact, while its side hole allows 
fluid draining. Endoscope functions such as suction and 
air insufflation remain undisturbed. The distal end of the 
cap protrudes from the scope’s tip (protruding length 
ranges from 2 mm to 7 mm). Its basic characteristics 
are outlined in Table 1. It is the protruding edge that 
allows manipulation and flattening of the colonic folds 
in the field of view. During the last 10 years numerous 
randomized control trials[15-27] have been conducted to 
evaluate the usefulness of cap-assisted colonoscopy 
(CAC) in improving colonoscopy outcomes, including po­
tential augmentation of the detection of precancerous 
lesions. Beyond ADR and PDR, additional outcomes such 
as cecal intubation rate and cecal intubation time were 
assessed as well.

Kondo et al[15] evaluated colonoscopy with two types 
of caps (2 mm-short or 4 mm-transparent) vs conven­
tional colonoscopy without a cap. More than 200 patients 
undergoing colonoscopy for various indications were 
randomized in each of the three groups. The use of the 
transparent 4mm cap was associated with decreased cecal 
intubation time compared to the 2 mm-short cap and the 
control (11.5 min vs 13.5 min vs 15 min; P = 0.008). 
At the same time, PDR was significantly increased in the 
transparent cap group (49.3%) compared to the controls 
(39.1%; P = 0.04)[15]. In another Japanese randomized 
controlled trial (RCT) with 592 patients, CAC with a 2 mm 
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short cap was also related to a shorter cecal intubation 
rate, but without any difference in the rate of polyp 
detection[17]. Horiuchi et al[16] randomized 60 patients 
diagnosed with colonic adenomas to repeat colonoscopy 
in three months, with or without a 7 mm cap; all lesions 
were removed during the second examination. Cap-
assisted colonoscopy detected 20% more adenomas 
compared to a 4% increase in adenoma detection 
without the cap[16]. Moreover, a small back-to-back RCT 
of 67 screening/surveillance patients demonstrated a 
reduced adenoma miss rate associated to cap-assisted 
colonoscopy compared to conventional colonoscopy (21% 
vs 33%; P = 0.04)[19].

In terms of ADR and MAC, evidence remains contro­
versial. A study from Japan[21], evaluating the efficacy 
of autofluorescence imaging with a transparent cap 
in a cancer referral center, found that CAC leads to an 
increased ADR (62% vs 56%; P = 0.023) compared 
to conventional white-light imaging. A few years later, 
in the first USA. study, Rastogi et al[23] randomized 420 
screening/surveillance individuals (210 in each group) to 
undergo either CAC using a 4 mm transparent cap or a 
conventional examination. Investigators concluded that 
CAC not only shortened the cecal intubation time (3.3 
min vs 4 min; P < 0.001), but also increased ADR (69% 
vs 56%; P = 0.009) and MAC (2.3 vs 1.4; P < 0.001) 
compared to colonoscopy without the cap[23]. In a study 
that randomized 1113 patients with various indications 
to undergo either CAC (4 mm cap) or conventional 
colonoscopy[24], cecal intubation was faster in the CAC 
arm (4.9 min vs 5.8 min; P < 0.001), but both arms 
had similar ADR (42% vs 40%; P = 0.452) and MAC 
(0.89 vs 0.82; P = 0.432)[24]. It is of great interest that 
among the 10 participating endoscopists the effect of 
CAC in terms of ADR ranged from a 15% decrease to 
a 20% increase[24]. Looking at individual endoscopists’ 
performance, the authors concluded that CAC may be 
beneficial especially for endoscopists who spend more 
time during scope withdrawal since the cap may fur­
ther enhance their already meticulous examination[24]. 
Recently, Othman et al[26] showed that CAC compared 
to conventional colonoscopy is related to an increased 
advanced ADR - the detection rate of advanced 
adenomas- (9.9% vs 4.6%; P = 0.049) and detection 
of more polyps larger than 9mm (9.5% vs 3.7%; P 

= 0.026)[26]. However, in this RCT of 440 screening/
surveillance participants no difference between the two 
groups in terms of ADR and PDR was found[26].

In two RCTs[20,22], 400 individuals of mixed indi­
cations[20] and 1380 screening participants[22] were allo­
cated either to CAC or conventional examination. A 4-mm 
cap was used in both studies. The first study[20] did not 
show any benefit of CAC in terms of PDR (32.8% vs 
31.3%; P = 0.75) and cecal intubation time (9.9 min vs 
10.3 min; P = 0.21), while in the second study[22] CAC 
was associated with a shorter intubation time (7.7 min vs 
8.9 min; P < 0.001), but ADR (29% vs 29%; P = 0.96) 
and MAC (0.52 vs 0.50; P = 0.83) did not differ between 
the two groups.

Two studies involving endoscopy trainees provided 
similar results; trainees had a higher cecal intubation rate 
(CIR) and reached the cecum faster using the cap[27,28]. 
However, CAC did not improve trainees’ detection rates 
(ADR and advanced ADR)[27,28].

Paradoxically, in a large RCT (1000 patients recruited) 
from Hong Kong, ADR was lower in the cap-assisted arm 
compared to the standard one (30.5% vs 37.5%; P = 
0.018), but there was no difference regarding advanced 
lesions[18]. Shorter withdrawal times and inadequate 
bowel preparation in the CAC arm were postulated by 
the authors as potential explanations for this finding[18]. 
In accordance with previous results, cecal intubation time 
was shorter in the cap arm (6 min vs 7.2 min; P < 0.001) 
with no difference in the CIR[18].

Data from meta-analyses
Seven meta-analyses[29-35] that attempt to summarize 
the role of CAC in improving colonoscopy outcomes have 
been published so far (Table 2). Despite their different 
designs and inclusion criteria, one can figure out a couple 
of mutual conclusions. Four[30,31,34,35] out of five meta-
analyses reporting on cecal intubation time, conclude that 
CAC significantly shortens it (mean difference ranging 
from -0.93 min to -0.64 min), while three of them[30,34,35] 
did not show any increase of CIR associated to CAC. 
Moreover, six[29-32,34,35] and four[30,32,34,35] meta-analyses 
examined PDR and ADR, respectively. The majority of 
these[29-31,34] link CAC to a higher PDR. On the contrary, 
none of the relevant meta-analyses showed a benefit in 
terms of ADR with CAC[29,30,32,34,35]. However, in the most 
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Figure 1  Cap (A) mounted on the tip of the scope (B) and the endoscopic view (C) (photos from the authors’ archive). 
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THE ENDOCUFF
The first generation Endocuff
Endocuff (Arc Medical Design, Leeds, United Kingdom) 
is a single-use soft, radiopaque device that consists of 
a cylindrical polypropylene core and 2 rows of flexible 
thermoplastic elastomer-made projections. Each row 
counts 8 projections that emerge from gaps on the 
shaft of the device (Figure 2A and B). It is available 
in 4 different color-coded sizes to fit all scopes and its 
technical characteristics are presented in Table 1. Its de­
signers were inspired through the practical difficulties 
that occur during a conventional colonoscopy, including 
the scope slipping back, difficulties in tip stabilization 

recent meta-analysis that included 23 RCTs and almost 
13000 participants[34], sensitivity analysis showed that 
the exclusion of one large study[18]-in which the quality 
of bowel preparation was significantly worse in the CAC 
arm- not only eliminated the existing heterogeneity, but 
also altered the synthetic outcome direction, showing a 
significant benefit of CAC vs conventional colonoscopy 
regarding ADR [OR (95%CI): 1.17 (1.04-1.33)][34]. 
Finally, one meta-analysis[33] has evaluated the effect 
of CAC on the ADR of the right colon. Pooled data from 
4 studies (2546 and 2547 patients in the CAC and 
the conventional arms, respectively) associated CAC 
with an increased right colon ADR [OR (95%CI): 1.49 
(1.08-2.05)] compared to conventional colonoscopy[33].

Cap Endocuff Endocuff Vision Endorings

Manufacturer Olympus, Centre Valley, 
Pennsylvania

Arc Medical Leeds, United 
Kingdom

Norgine Pharmaceuticals Ltd, 
Uxbridge, United Kingdom

EndoAid, Caesarea, Israel

Launched in 
market

1993 2011 2016 2015

Short 
description

Transparent, single-use distal 
attachment with side hole for 

draining of fluid

Single-use, soft, radiopaque, 2 
cm long cylindrical sleeve with 
flexible projections arranged in 

2 rows of 8, emerging from gaps 
on the shaft of the device

Single-use, device with single 
row of 8 flexible 15 mm spikes

Single-use device composed of 
2 layers of flexible, soft circular 

rings, placed on a cylindrical cuff

Material Thermoplastic elastomer Core: Non-latex, biocompatible 
polymer; Projections: 

thermoplastic elastomer

Latex free, polypropylene Silicone

Dimensions Outer diameter ranging from 
13.9-16.1 mm according to each 

type of cap

Finger projections: proximal 8.15 
mm, distal 5mm; core length: 23.8 

mm; diameter: 16.1, 16.7, 17.2, 
and 18.5 mm (hairs folded back) 
and 32.6, 33.1, 33.6, and 34.8 mm 

(hairs opened out)

Diameter: 16.1, 16.7, 17.2, and 
18.5mm (spikes folded back) and 
39.07, 39.07, 39.07, and 39.66 mm 

(spikes opened out)

22-50 mm diameter

Mode of action Protruding cap manipulates and 
flattens haustral folds to inspect 
the mucosa on the proximal side 
of the fold maintaining optimal 

field of view

Hinged projections flatten and 
spread mucosa and folds

Hinged projections flatten and 
improve visibility behind the 

colon folds

Sequential rings stretches out 
the folds of the colon during 
withdrawal for a clear view

Interfere with 
view of field

Edge of the hood comes into the 
vision field of the colonoscope, 
but lesions can be seen through 

the transparent wall

No interference of vision No interference with vision No interference with vision

Compatible 
scopes

Adult, pediatric: Ten different 
sizes, to fit all scopes

Adult, pediatric: 4 color-coded 
sizes (purple, orange, green and 

blue) to fit all scopes

Adult, pediatric: 4 color-coded 
sizes (purple, orange, green and 

blue) to fit all scopes

Scope Distal End Diameter [mm]; 
Adult colonoscope 12.8-14.5 mm; 
Slim Adult colonoscope 11.5-13.0 

mm
Advantages Resection of wider areas; Suction 

and insufflation of air unaffected
Folds movement provides a 
dynamic picture - even the 

smallest polyps can be identified; 
Centers the scope in the middle 

of the lumen preventing 
sudden slip back and “red-out”; 

Projections allow traction to 
avoid sudden slippage around 
turns and flexures, improving 

scope’s stability; Helps perform 
EMR

Delivers more tip control without 
compromising intubation - 

improving loop management; 
Early and controlled view of the 
upstream surface of large folds - 
no need for repeated intubation; 
Prevents sudden slip back and 
red out; Optimizes tip position 

during therapy and polyp 
retrieval

Maintains position during loop 
reduction, decreases slippage, 
anchoring during endoscopic 
therapy; Maintains identical 
depth and breadth of scope's 

viewing field; Minimal resistance 
on insertion; Easy ileum 

intubation

Disadvantages Interfere with the field of view Petechial marks on colon; 
Potential dislodgement; Larger 

model more effective than 
smaller; Ileum intubation may be 

difficult

Potential dislodgement Ileum intubation may be difficult

Table 1  Add-on devices’ main characteristics
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and inability to inspect the mucosa located behind 
folds, to mention a few. Endocuff was launched in 
2012 and its use was reported for the first time in a 
small retrospective feasibility study where it facilitated 
endoscopic access for complex polypectomy and scar 
assessment in the sigmoid colon[36]. The projections 
move independently from another in a passive way when 

in contact with the mucosa and during withdrawal, they 
extend radially manipulating colonic folds away from 
the field of view, allowing a more meticulous mucosa 
inspection (Figure 2C). Moreover, the device stabilizes 
the scope in the middle of the lumen and allows traction 
against sudden slippage around flexures. Moreover, the 
examiner’s visibility is not affected, since the device does 

Author (yr) Device vs  
comparator

Included 
Studies (n )

Included 
studies’ design

Patients 
(n )

ADR PDR MAC CIR CIT

Westwood 
2012

CAC vs CC 12 (9 FP, 3 AB) RCTs   6185 NR aOR (95%CI): 
1.13 (1.02-1.26)

NR aOR (95%CI): 
1.36 (1.06-1.74)

MD (95%CI): 0.04 
(-0.03 to 0.12) min

Ng 2012 CAC vs CC 16 (13 FP, 3 AB) RCTs   8991 RR (95%CI): 
1.04 (0.90-1.19)

aRR (95%CI): 
1.08 (1.00-1.17)

NR RR (95%CI): 1.00 
(0.90-1.02)

aMD (95%CI): -0.64 
(-1.19 to -0.10) min

He 2012 CAC vs CC 19 (14 FP, 5 AB) RCTs   9235 NR aOR (95%CI): 
1.12 (1.02-1.22)

NR aOR (95%CI): 
1.36 (1.13-1.64)

aMD (95%CI): -0.65 
(-0.85 to −0.44) min

Omata 2014 CAC vs CC 10 (10 FP) RCTs   5219 RR (95%CI): 
1.07 (0.94-1.23)

RR (95%CI): 
1.00 (0.86-1.16)

NR NR NR

Desai 2017 CAC vs CC 4 (4 FP) 2 RCTs; 2 
retrospective

  5093 a,1OR (95%CI): 
1.49 (1.08-2.05)

NR NR NR NR

Mir 2017 CAC vs CC 23 (18 FP, 5 AB) RCTs 12947 OR (95%CI): 
1.11 (0.95-1.30)

aOR (95%CI): 
1.17 (1.06-1.29)

NR OR (95%CI): 1.32 
(0.94-1.87)

aMD (95%CI): -0.82 
(-1.20 to -0.44) min

Chin 2016 2EAC vs CC 9 (4FP, 5 AB) 4 RCTs; 1 
prospective 

observational; 
4 retrospective

  5624 aOR (95%CI): 
1.49 (1.23-1.80)

NR NR OR (95%CI): 1.26 
(0.70-2.27)

NR

Williet 2018 2EAC vs CC 12 (7 FP, 5 AB) RCTs   8376 aRR (95%CI): 
1.20 (1.06-1.36)

aRR (95%CI): 
1.20 (1.06-1.36)

MD (95%CI): 
0.11 

(-0.17-0.38)

RR (95%CI): 0.99 
(0.97- 1.00)

MD (95%CI): -0.57 
(-1.43 to 0.28) min

3Facciorusso 
2017

CAC vs CC 14 (14 FP) RCTs   8306 RR (95%CI): 
1.07 (0.96-1.19)

RR (95%CI): 
1.08 (0.99-1.18)

NR RR (95%CI): 1.00 
(1.00- 1.01)

aMD (95%CI): -0.68 
(-1.11 to -0.24) min

2EAC vs CC 9 (4FP, 5 AB) RCTs   7072 aRR (95%CI): 
1.21 (1.03-1.41)

aRR (95%CI): 
1.22 (1.07-1.40)

NR RR (95%CI): 1.00 
(0.98- 1.01)

aMD (95%CI): -0.93 
(-1.55 to -0.30) min

Endorings 
vs CC

1 (1 FP) RCTs     116 RR (95%CI): 
1.70 (0.86-3.36)

RR (95%CI): 
1.68 (0.94-2.99)

NR NR MD (95%CI): 0.90 
(-1.47 to 3.27) min

Table 2  Meta-analyses evaluating the effect of accessories on colonoscopy outcomes

1refers to right colon ADR; 2refers to both first generation Endocuff and Endocuff Vision; 3network meta-analysis. aStatistical significant. ADR: Adenoma 
detection rate; AMR: Adenoma miss rate; PDR: Polyp detection rate; MAC: Mean adenomas detected per colonoscopy; CIR: Cecal intubation rate; CIT: 
Cecal intubation time; CAC: Cap-assisted colonoscopy; CC: Conventional colonoscopy; EAC: Endocuff-assisted colonoscopy; FP: Full paper; AB: Abstract; 
RCT: Randomized controlled trial; NR: Not reported; OR: Odds ratio; 95%CI: 95% confidence intervals; RR: Relative risk; MD: Mean difference.

A B C

Figure 2  Endocuff (A) mounted on the tip of the scope (B) and the endoscopic view of the hinged projections during the withdrawal phase (C) (photos 
from the authors’ archive).
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not extend beyond the tip of the scope and thus does not 
interfere with suction, flushing or the working channel.

There are enough data regarding the effect of Endo­
cuff on colonoscopy outcomes, since seven RCTs of 
parallel[37-43] and one of tandem[44] design have been 
published. The first German studies[37,38]-each recruiting 
almost 500 patients who underwent colonoscopy for 
various indications (screening included)-showed a 
significant benefit of Endocuff-assisted colonoscopy (EAC) 
compared to the conventional one regarding ADR (35.4% 
vs 20.7%, P < 0.0001 and 36% vs 28%, P = 0.043, 
respectively)[37,38]. Similar results regarding PDR were 
also achieved (55.4% vs 38.4%, P < 0.0001 and 56% 
vs 42%, P = 0.001, respectively), while only the second 
study[38] detected a difference in the mean number of 
adenomas detected per colonoscopy [2 (IQR: 1-3) vs 1 
(IQR: 1-2), P = 0.002]. Regarding polyp location, both 
studies identified a superiority of EAC for the detection of 
polyps located in the sigmoid and the cecum. Moreover, 
no major adverse events related to EAC were reported 
and there were no differences between overall procedure 
and withdrawal times[37,38].

Similar positive results associated to Endocuff use 
were reported from Japan[39] (477 patients, mixed indi­
cations for colonoscopy) and Mexico[40] (337 screening 
individuals), where two single-centre RCTs demonstrated 
increase of ADR (55.2% vs 39.2%, P = 0.0002 and 
22.4% vs 13.5%, P = 0.02, respectively), PDR (61.9% 
vs 49.2%, P = 0.003 and 29.9% vs 16%, P = 0.002, 
respectively) and MAC (1.11 vs 0.66, P < 0.01 and 0.29 
vs 0.22, P = 0.04) in the device arms. An Italian single-
centre study by De Palma et al[41] enrolled 288 patients 
with mixed indications and reported that EAC increased 
ADR by 3.3% (29.6% vs 26.3%) compared to the 
conventional colonoscopy. However, use of Endocuff was 
associated with mucosal erosions in 7 (2.5%) cases, 
with one of them needing to be treated with adrenaline 
solution injection at the site of bleeding[41].

Additionally, in a recently published 4-arm multicenter 
parallel-group study comparing Endocuff, Endorings, 
FUSE and conventional colonoscopy, 299 and 295 pa­
tients underwent Endocuff-assisted and conventional 
high definition colonoscopy, respectively[42]. EAC per­
formed significantly better compared to conventional 
colonoscopy in terms of ADR (64% vs 56%, P = 0.003), 
PDR (83% vs 77%, P = 0.001) and MAC (1.82 ± 2.58 
vs 1.53 ± 2.33, P = 0.014)[42]. However, Endocuff did 
not enhance the detection rate of sessile serrated polyps 
(11% vs 12%, P = 0.047)[42]. There were no differences 
between the mean insertion time (354 s ± 216 s vs 
422 s ± 319 s) for Endocuff-assisted and conventional 
colonoscopy respectively and no adverse events were 
reported[42]. On the contrary, a benefit regarding ses­
sile serrated adenoma/polyp detection was shown 
in a retrospective veterans’ study[45] which included 
almost 500 participants: Endocuff detected 50 sessile 
serrated adenomas/polyps compared to 8 detected by 
conventional colonoscopy (detection rate 15% vs 3%, P 

< 0.0001).
So far, the largest parallel RCT[43] failed to confirm 

the positive results reported in the abovementioned 
studies. In this multicentre study from the Netherlands[43] 
more than 1000 patients of various indications were 
randomized to undergo either Endocuff-assisted or con­
ventional colonoscopy; MAC and ADR consisted the 
primary outcomes. ADR was the same in both groups 
(52%, P = 0.92), whereas the higher number of ade­
nomas per patient in the Endocuff group (1.36 ± 2.10 
vs 1.17 ± 1.65) did not reach statistical significance 
(P = 0.08). Interestingly, detection rates did not differ 
either according to indication or between academic and 
non-academic centres[43]. Cecal intubation time was 
significantly shorter in the Endocuff arm [median (IQR) 
7 min (5-10) vs 8.3 min (6-12), P < 0.001] and there 
were no Endocuff-associated adverse events[43].

Finally, a multicentre back-to-back study[44] assessed 
Endocuff in terms of adenoma miss rates. Two hundred 
patients (86.5% were screening and surveillance cases) 
were randomized (1:1) to undergo either initial EAC 
followed by a conventional one or vice versa[44]. EAC was 
associated with lower adenoma miss rates, both overall 
and in the proximal colon compared to conventional 
colonoscopy (14.7% vs 38.4% and 10.4% vs 38.9%, 
respectively)[44]. It is worthy to note that all examinations 
were performed by endoscopists with an historical ADR > 
35%, suggesting that the device could enhance detection 
ability even of experienced and skilled endoscopists. 
Despite the fact that there were no serious adverse 
events, in three index Endocuff examinations cecal intu­
bation failed to be achieved, compared to none with the 
conventional scope (P = 0.08)[44].

The Endocuff Vision
Despite its revolutionary design, Endocuff was associated 
with a couple of drawbacks (mucosal erosions and dif­
ficulties in terminal ileum intubation) that paved to way 
for its descendant, namely Endocuff Vision (Norgine 
Pharmaceuticals Ltd, Uxbridge, United Kingdom). This 
single-use device is made of a polypropylene cylinder 
and a single row of 8-longer than in the first generation 
Endocuff-thermoplastic elastomer-made “spikes” (Figure 
3). There are 4 different sizes with respective colors to fit 
in all scopes ranging from pediatric to adult ones (Table 1). 
Endocuff Vision is also mounted onto the tip of the scope 
before insertion and its “spikes” fold around the scope 
while it advances in the colon due to a hinge at the base 
of each spike that thins progressively. On the other hand, 
the “spikes” evert during withdrawal (Figure 3). This 
leads to an early and controlled view of the upstream 
surface of the large colonic folds in the right colon and 
prevents sudden scope slip-back. Moreover, when in 
the sigmoid colon, the device facilitates the opening 
of contracted folds, permitting a clearer view of the in-
between mucosa. Similar to the first generation Endocuff 
it optimizes the tip’s position during endoscopically 
applied therapy (e.g., polypectomy).
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Endocuff Vision has been evaluated only in two 
parallel multicenter RCTs from the United Kingdom[46,47]. 
The “ADENOMA” study[46] recruited 1772 adult patients 
(45% screening). Of them, 884 underwent conven­
tional colonoscopy and 886 Endocuff Vision-assisted 
colonoscopy. ADR was significantly higher with EAC com
pared to conventional colonoscopy (40.9% vs 36.2%, P 
= 0.02). The benefit of Endocuff Vision was even higher 
in patients participating in the screening program, where 
ADR was 61.5% for EAC compared to 50.9% (P < 0.001) 
for the conventional colonoscopy arm. Similar results in 
favor of EAC were also reported regarding PDR (54.1% 
vs 48%; P = 0.005 and 73.9% vs 63.3%; P < 0.001 
for the whole and the screening cohorts, respectively). 
Of note, EAC showed a statistically significant increase 
in the detection rate in the left colon (26.1% vs 2.2%; 
P = 0.03), of small (10.6% vs 7.7%; P = 0.02) and of 
diminutive adenomas (34.6% vs 30.8%; P = 0.04). It 
should be underlined that in this study[46] EAC detected 
significantly more cancers both in the whole cohort 
(4.1% vs 2.3%; P = 0.02) as well as in the screening 
participants (6.6% vs 3.7%; P = 0.03). Moreover, 
median insertion time was shorter with Endocuff Vision 
compared to conventional colonoscopy (8 min vs 9 min; 
P = 0.001). The investigators did not report any adverse 
event related to use of Endocuff Vision; however the 
device had to be removed in 4.1% of the cases mostly 
due to acute angulation in a fixed sigmoid colon. 

On the contrary, the “E-cap” study failed to show 
any benefit in terms of ADR (60.9% vs 63%, P = 0.85), 
PDR (70.3% vs 69.8%, P = 0.93) and MAC (1.3 ± 1.8 
vs 1.4 ± 1.5, P = 0.54)[47]. This single center study had 
PDR as the primary endpoint. Only patients attending 
the national screening program with a positive FOBT 
test were enrolled and all four participating endoscopists 
had an extremely high pre-study ADR (58.9%)[47]. All 
these reasons may attribute to the lack of any significant 
benefit deriving from application of Endocuff Vision and 
should be considered in the design of future “real-life” 
studies, which should possibly include both endoscopists 
with an average or even a low ADR and patients with 
various indications for colonoscopy.

Finally, a pilot evaluation study[48] demonstrated that 
Endocuff Vision was associated with an improvement in 

endoscopists’ performance measured as increased ADR, 
increased MAC and decreased insertion time. In this 
non-randomized study[48], the investigators performed 
410 screening colonoscopies in three periods (137 pre-
Endocuff, 136 using Endocuff Vision and 137 post-
Endocuff). Overall, an increase in ADR (16%, P < 0.03) 
and MAC (83%, P = 0.007) was noted between the 
pre-Endocuff and the Endocuff period; this benefit was 
maintained in the post-Endocuff period, where the device 
was not available. A potential explanation could be that 
during the Endocuff period the endoscopists had the 
chance to comprehend their flaws during the withdrawal 
phase, look for adenomas in more detail and improve 
their skills[49]. Interestingly, insertion time was statistically 
lower during the Endocuff period compared to pre- and 
post-Endocuff one (7 min vs 8 min, P = 0.002 and 7 min 
vs 9 min, P = 0.002, respectively)[48]; no adverse events 
were reported[48].

Data from meta-analyses
To date, three meta-analyses attempting to summarize 
the impact of Endocuff devices on colonoscopy outcomes 
have already been published[35,50,51] (Table 2).

The earliest one[50] meta-analyzed data from three 
published papers and six studies presented as ab­
stracts, four of which with a prospective and five with a 
retrospective design. Eight studies (n = 4387) of mixed 
populations reported on ADR, which was measured to 
be higher for the Endocuff group [OR (95%CI): 1.49 
(1.23-1.80), I2 = 50%][50]. In this pooled analysis, 27 
patients (2.3%) in the Endocuff group experienced super­
ficial mucosal lacerations[50].

A recently published meta-analysis updated these 
data by including only RCTs (7 published and 5 pre­
sented as abstracts)[51]. Regarding ADR, data from 
more than 8370 patients demonstrated a benefit of EAC 
compared to conventional colonoscopy [RR (95%CI): 
1.20 (1.06-1.36), P = 0.003, I2 = 79%]. Of interest, 
this benefit was lower in the subgroup of studies with a 
mean conventional arm ADR > 45% [RR (95%CI): 1.01 
(0.93-1.09), P = 0.087, I2 = 0], while it was maximized 
in the subgroup of studies with a respective ADR lower 
than 35% [RR (95%CI): 1.51 (1.35-1.69), P < 0.001, 
I2 = 43%]. These data imply a potential ancillary role of 

Figure 3  Endocuff-Vision (A), illustration (B) and endoscopic view (C) of the opened-out projections during the withdrawal phase (photos from the 
authors’ archive).
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the device especially for lower detectors[51]. Furthermore, 
a numerical higher MAC was detected in the Endocuff-
assisted colonoscopy group, but this difference did not 
reach statistical significance [mean difference (95%CI): 
0.11(-0.17 to 0.38][51]. Mean insertion times did not 
differ between the two groups and 4% of the Endocuff 
patients experienced adverse events (exclusively minor 
lacerations)[51]. This meta-analysis reported on additional 
outcomes such as advanced ADR and right colon ADR, 
with no difference detected between the two groups [RR 
(95%CI): 0.93 (0.76-1.13), P = 0.47 and RR (95%CI): 
1.36 (0.80-2.34), P = 0.26, respectively]. However, 
the small number of studies included in the analysis 
regarding these outcomes warrants caution when at­
tempting to generalize the respective results.

Finally, similar results were shown in a network 
meta-analysis investigating the comparative efficacy of 
distal attachments in increasing detection rates during 
colonoscopy[35]. The mixed effect estimate (including 
both pairwise and indirect treatment effects) supported 
that ADR increased significantly with EAC compared 
to the conventional examination [RR (95%CI): 1.21 
(1.03-1.41)][35]. Interestingly and contrary to the 
meta-analysis from Williet et al[51] this network meta-
analysis[35] calculated a very modest benefit of Endocuff 
regarding low (baseline ADR 10%) detectors [anticipated 
ADR (95%CI): 11 (10-12)%] compared to a more 
considerable effect [anticipated ADR (95%CI): 48 
(14-56)%] on ADR of high detectors (baseline ADR 
40%).

THE ENDORINGS
EndoRings (EndoAid Ltd., Caesarea, Israel) is a single-
use scope attachment consisting of 2 layers of flexible, 
soft circular silicon rings placed on a cylindrical cuff (Figure 
4A and B). Endorings fit on scopes of an outer diameter 
ranging from 12.8 mm to 14.5 mm and two sizes for 
adult and slim adult scopes are available (Table 1). The 
flexible rings deflect to the opposite direction during 
scope manipulation. In that way scope insertion is not 
affected -minimal resistance may be noted- as the rings 
fold at the side of the scope’s shaft without projecting 
beyond the distal end of the scope. During withdrawal, 
the two rings deploy with the proximal-most circular 

ring creating a wider lumen fenestration by stretching 
the mucosa and colonic folds (Figure 4C) assisting the 
detection of otherwise “hidden” lesions. Moreover, the 
device maintains identical depth and width of scope 
viewing by stabilizing the scope, maintaining position 
during loop reduction, deceasing slippage and finally 
by anchoring during application of endoscopic therapy. 
Terminal ileum intubation is reported not to be limited 
by use of the device. Endorings has been evaluated in 
two RCTs[42,52]. In the first one, a multicentre back-to-
back study[52], 116 patients of mixed indications were 
randomized to undergo initial examination using the 
Endorings followed by conventional colonoscopy or vice 
versa. Applying Endorings on the tip of the scope was 
associated with a statistically significant lower adenoma 
miss rate compared to conventional colonoscopy 
(10.4% vs 48.3%, P < 0.001). A similar benefit was 
also noted for polyp miss rates (9.1% vs 52.8%, P < 
0.001). Endorings significantly decreased adenoma 
miss rates both in the proximal (10.6% vs 58.1%, P < 
0.001) and the distal colon (10% vs 37%, P < 0.001). 
Cecal intubation time was shorter with conventional 
colonoscopy compared to EndoRings-assisted colono­
scopy (8.4 min vs 9.3 min), but this difference did not 
achieve statistical significance.

In the aforementioned 4-arm parallel group multi­
center study[42], 295 and 295 patients were allocated in 
the in Endorings and the conventional colonoscopy arms 
respectively. ADR did not differ between the two groups 
(57% vs 56%). Moreover, in one of the participating 
centers, insertion time was significantly increased when 
Endorings was used (251 s vs 170 s, P = 0.003), but 
this finding was not uniform for all participating centers 
(overall time to cecum: 263 s vs 319 s, no statistical dif­
ference). Of note, the device was not able to pass the 
sigmoid colon in 6 patients, thus authors commented 
that the larger the diameter of Endorings, the greater the 
difficulty of scope insertion. 

CONCLUSION
Detecting and removing precancerous lesions remains 
the mainstay of screening colonoscopy. In this review, 
data on how 4 different colonoscope attachments in­
fluence detection rates were presented. The transparent 

Figure 4  Endorings (A) mounted on the tip of the scope (B) and illustration of rings stretching during withdrawal phase (C) (photos courtesy of Endoaid).
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cap was the first device launched in the market. CAC 
achieves a better orientation during insertion by pushing 
away the folded mucosa and reduces the time needed 
to reach the cecum. During scope withdrawal, the cap 
opens and manipulates colonic folds, revealing otherwise 
obscured lesions[23]. CAC has been validated extensively 
and pooled data from numerous studies have linked it 
with a significant increase in polyp detection[34]. Taking 
into account its simplicity in use, it can be an interesting 
and accessible solution for colonoscopy outcome im­
provement.

Endocuff and Endocuff Vision - two similar detachable 
attachments - have been commercialized during the 
last years. They are fitted at the tip of the scope and 
enhance mucosa visualization through their opened-
out projections that flatten the colonic folds. Data 
from studies conclude that their application increases 
ADR[35,50,51]. Furthermore, they can prove to be beneficial 
for both low adenoma detectors[51] (increase in ADR) as 
well as in high ones[44] (decrease in miss rates). Moreover, 
Endocuff and Endocuff Vision are safe, user-friendly and 
affordable devices. Taking this into account, Endocuff-
assisted colonoscopy should be considered as a pivotal 
part of the physicians’ arsenal in their effort to diminish 
missed precancerous lesions during colonoscopy.

Endorings is the last device that was presented. It 
functions in a -more or less- similar way to EAC. Its 
double-layered rings stretch the mucosa and optimize 
visualization. While significantly decreased adenoma 
miss rates have been reported[52], this device has 
been validated in only two studies[42,52] and more data 
are definitely needed to reach safe and generalizable 
conclusions regarding its effectiveness.

An issue that remains to be highlighted is the efficacy 
of these devices in terms of screening colonoscopy. 
To the best of our knowledge, no study has been con­
ducted in an exclusively screening population yet. 
Thus, conclusions are extrapolated only from studies 
enrolling mixed populations (screening, symptomatic, 
surveillance). Although promising, more robust data are 
definitely needed in order to systematically assess the 
performance of these mechanical novelties overall and 
particularly in specific populations. Moreover, it is still 
unknown whether all levels of endoscopists are to benefit 
from their implementation. Finally, optimizing several 
useful and simultaneously low-cost existing alternatives 
(e.g., water-aided colonoscopy, second observer, dy­
namic position change) may be as effective as these 
add-on devices in improving colonoscopy and patient 
outcomes. All the aforementioned reasons probably 
prevent these devices from being integrated into current 
everyday clinical practice worldwide. 

In conclusion, technological advancements offer 
physicians various choices to improve their performance 
during colonoscopy. Undoubtedly, they can be considered 
an adjuvant approach to improve colonoscopy outcomes 
as they are feasible, easy-to-use, affordable and ef­
fective. At the same time, these devices should not be 
considered a panacea and physicians should always pay 

attention to other well-established quality measures such 
as high level education, adequate bowel preparation, and 
adequate withdrawal time to ensure that they offer their 
patients optimal clinical services.
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Abstract
AIM
To investigate the effects of VSL#3 on tumor forma
tion, and fecal and intestinal mucosal microbiota in 
azoxymethane/dextran sulfate sodium (AOM/DSS) 
induced mice model. 

METHODS
C57BL/6 mice were administered AOM/DSS to develop 
the ulcerative colitis (UC) carcinogenesis model. Mice 
were treated with 5-ASA (75 mg/kg/d), VSL#3 (1.5 
× 109 CFU/d), or 5-ASA combined with VSL#3 by 
gavage from the day of AOM injection for three months 
(five days/week). The tumor load was compared in 
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each group, and tumor necrosis factor (TNF-α) and 
interleukin (IL)-6 levels were evaluated in colon tissue. 
The stool and intestinal mucosa samples were collected 
to analyze the differences in the intestinal microbiota 
by 16s rDNA sequencing method.

RESULTS
VSL#3 significantly reduced the tumor load in AOM/
DSS-induced mice model and decreased the level 
of TNF-α and IL-6 in colon tissue. The model group 
had a lower level of Lactobacillus  and higher level of 
Oscillibacter  and Lachnoclostridium  in fecal microbiota 
than the control group. After the intervention with 
5-ASA and VSL#3, Bacillus  and Lactococcus  were 
increased, while Lachnoclostridium  and Oscillibacter  
were reduced. 5-ASA combined with VSL#3 increased 
the Lactobacillus  and decreased the Oscillibacter . The 
intestinal mucosal microbiota analysis showed a lower 
level of Bifidobacterium  and Ruminococcaceae_UCG-014 
and higher level of Alloprevotella  in the model group as 
compared to the control group. After supplementation 
with VSL#3, Bifidobacterium  was increased. 5-ASA 
combined with VSL#3 increased the level of both 
Lachnoclostridium and Bifidobacterium . 

CONCLUSION
VSL#3 can prevent UC-associated carcinogenesis in mice, 
reduce the colonic mucosal inflammation levels, and 
rebalance the fecal and mucosal intestinal microbiota.

Key words: Tumor necrosis factor-α; VSL#3; Ulcerative 
colitis carcinogenesis; Interleukin-6; Intestinal microbiota

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Microbiota and chronic inflammation play an 
important role in the process of ulcerative colitis (UC)-
associated carcinogenesis. Our study found VSL#3 
could effectively prevent UC-associated carcinogenesis 
in azoxymethane/dextran sulfate sodium induced mice 
and decrease the level of tumor necrosis factor-α and 
IL-6 in colon tissue. The intestinal microbiota dysbiosis 
exists in UC-associated carcinogenesis. Supplementary 
VSL#3 is beneficial for rebalancing the fecal and 
mucosal intestinal microbiota. Based on the data 
presented here, VSL#3 may be a potential therapeutic 
agent for UC-associated carcinogenesis prevention.

Wang CS, Li WB, Wang HY, Ma YM, Zhao XH, Yang 
H, Qian JM, Li JN. VSL#3 can prevent ulcerative colitis-
associated carcinogenesis in mice. World J Gastroenterol 2018; 
24(37): 4254-4262  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i37/4254.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i37.4254

INTRODUCTION
Recently, the incidence of ulcerative colitis (UC) has 

shown an upward trend, leading to increased clinical 
attention on UC-associated carcinogenesis. A recent 
meta-analysis encompassing eight population-based 
cohort studies reported a 1.6% prevalence of colorectal 
cancer (CRC) in patients with UC, and the rate of CRC 
was 2.4-fold higher than that in the general population[1]. 
Moreover, the existing treatment for UC is not satisfactory 
for the prevention of carcinogenesis, involving several 
risks and side effects with long-term usage. Thus, finding 
new treatment regimens are essential. 

Although the etiology of UC is yet to be elucidated, 
several studies have indicated that the host intestinal 
microbiota triggers an immune response that is requisite 
for the onset of the disease[2]. Microbiota also plays a 
major role in promoting UC-associated carcinogenesis. 
It downregulates the host immune response, improves 
the epithelial barrier function, and increases the mucus 
production[3]. Previous studies demonstrated that 
in the sterile intestinal environment, i.e., the lack of 
intestinal microbiota, a significant reduction in carcino
genic mutations and intestinal tumor formation was 
observed[4]. Chronic inflammation plays a crucial role in 
UC-associated tumorigenesis via cellular DNA damage, 
telomere shortening, and senescence[5]. Previous 
studies demonstrated that probiotics exert a superior 
therapeutic effect on inflammation and UC[6]. VSL#3 is a 
mixture of Lactobacillus casei, Lactobacillus plantarum, 
Lactobacillus acidophilus, Lactobacillus delbrueckii subsp. 
bulgaricus, Bifidobacterium longum, Bifidobacterium 
breve, Bifidobacterium infantis, and Streptococcus 
salivarius[7]. It proved to be beneficial in the treatment 
of UC, including remission and relief of the relapse in 
mild to moderate disease[8-10]. Thus, we speculated that 
probiotic treatment or adjuvant treatment of UC could 
prevent carcinogenesis. One study demonstrated that 
VSL#3 can inhibit UC-associated carcinogenesis in a 
mouse model[11]. However, the mechanism underlying 
the VSL#3 treatment of UC carcinogenesis is yet to be 
elucidated. 

Therefore, in the present study, VSL#3 was selected 
to investigate the effect of prevention on UC-associated 
carcinogenesis and the differences between fecal 
and mucosal microbiota were analyzed to gain a 
theoretical insight for the prevention of UC-associated 
carcinogenesis.

MATERIALS AND METHODS
Animals
Eight week old C57BL/6 male mice were purchased 
from the Vital River Laboratory Animal Technology Co. 
Ltd. (Beijing, China), housed under 12 h light/dark cycle 
conditions (temperature 22 ± 1 ℃, humidity 40%-60%) 
in the National Cancer Center/Cancer Hospital animal 
facilities, and fed a standard diet for the duration of 
the study. All animal experiments were conducted in 
accordance with the recommendations of the Animal 
Care Ethics and Use Committee of Peking Union Medical 
College Hospital and approved by the same Committee 
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(XHDW-2015-0032).

Development of UC-associated carcinogenesis model 
and in vivo treatment
All mice (n = 90) were initially housed together (5 
animals/cage) for adaption one week before randomi
zation into five experimental groups: control (no 
induction of UC-associated carcinogenesis, n = 10), 
model (no treatment) (n = 20), 5-ASA treatment (n = 
20), VSL#3 treatment (n = 20), and 5-ASA + VSL#3 
treatment (n = 20). In order to establish the UC-
associated carcinogenesis model, mice were injected 
with 12.5 mg/kg body weight (BW) Azoxymethane 
(AOM) intraperitoneally, and after one week, 2.5% 
dextran sulfate sodium (DSS) (Mpbio, Solon, OH, United 
States) was added to their drinking water for five days, 
followed by ten weeks and two days of regular drinking 
water. This modeling method was based on a method 
described previously with some changes[12]. The three 
treatment groups, including 5-ASA, VSL#3, and 5-ASA 
+ VSL#3 were gavaged 5-ASA (75 mg/kg BW, QD, 
Ferring Pharmaceuticals Ltd, solubilized in drinking 
water), VSL#3 (1.5 × 109 CFU/mice, QD, Sigma-Tau 
Pharmaceuticals Ltd, solubilized in drinking water), and 
5-ASA + VSL#3 (75 mg/kg BW + 1.5 × 109 CFU/mice, 
QD) from the day of AOM injection. The control and 
model group were not subjected to gavage (Figure 1).

Specimen collection
The mice were sacrificed by the 12th week via tran
scardiac perfusion, and colon tissues were removed. The 
colons were slit longitudinally along the main axis and 
washed with 0.9% saline. The long and short diameter 
of each tumor was measured using sliding calipers, 

and the total tumor load of each colon was calculated 
(sum of the product of long and short diameter of each 
tumor). Subsequently, the whole colon was divided into 
four sections. The section near the anus washed with 
0.9% saline to remove the non-adherent bacteria were 
flash-frozen in liquid nitrogen and stored at -80 ℃ for 
subsequent microbiota analysis. The remaining sections 
were used for enzyme-linked immunosorbent assays 
(ELISA) and histopathological examinations. A stool 
sample was collected just before AOM injection and 
sacrifice. A total of six mice were randomly selected 
from each group, and their stool and intestinal mucosa 
samples were sent to Allwegene (Beijing, China) for 
analyzing the differences in intestinal microbiota by 16S 
rDNA sequencing method. 

Fecal DNA extraction and pyrosequencing 
Microbial genomic DNA was isolated using a QIAamp 
DNA Micro Kit according to the manufacturer’s 
instructions. The final quantity and quality of the 
DNA were assessed at 260 nm and 280 nm using an 
ultraviolet spectrophotometer and stored at -20 ℃ 
before further analysis. The V3-V4 hypervariable 
regions of the 16S rDNA gene were subjected to high-
throughput sequencing by Allwegene using the Illumina 
Miseq PE300 sequencing platform (Illumina Inc., CA, 
United States). 

ELISA for tumor necrosis factor-α and interleukin-6 in 
colon mucosa 
The levels of tumor necrosis factor (TNF)-α and in
terleukin (IL)-6 in the colon mucosa were measured 
using commercial mouse TNF-α and IL-6 ELISA Kits 
(eBioscience, United States), according to the manu
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mucosal carcinoma or high-grade intraepithelial neoplasia 
in mice treated with AOM/DSS. They were manifested 
with colonic gland structure disorder, large nuclei, deep 
staining, and nucleoplasmic ratio imbalance (Figure 4). 

Effects of VSL#3 on UC-associated carcinogenesis
Treatment with AOM and DSS led to 100% (19/19, 
one mouse died during the experiment due to fighting) 
incidence of colonic neoplasms in the model group with 
the mean tumor load of 0.97 ± 0.19 cm. 5-ASA and 
VSL#3 administration significantly reduced both the 
tumor formation rate and the tumor load (Table 1 and 
Figure 5). Furthermore, no colonic tumor was detected 
in the control group.

Colonic TNF-α and IL-6 level comparison
As illustrated in Figure 6 and Tables 2 and 3, the levels 
of colonic tissue TNF-α and IL-6 in the model group 
were significantly higher than that in the control group. 
The increased levels of these inflammatory factors 
induced by AOM/DSS were attenuated by 5-ASA and 
VSL#3 treatment.

VSL#3 treatment alters the composition of fecal 
microbiota in AOM/DSS treated mice
In order to characterize the diversity of fecal-associated 
community in UC-associated carcinogenesis, we used 
Chao 1 and the observed species indexes, as well as 
the Shannon and Simpson indexes. No significant 
difference was detected in the diversity and composition 
of fecal microbiota in each group at the beginning of 
the experiment. After the 12-wk experiment, although 
no statistically significant difference was detected in the 
diversity among groups, the microbiota composition 
was altered considerably. The change in the composition 
of fecal microbiota induced by AOM/DSS administration 
was characterized by a decrease in Lactobacillus 
coupled with an increase in Oscillibacter and 
Lachnoclostridium as indicated by metastats analysis 
(P < 0.05). Both 5-ASA and VSL#3 supplementation 
was associated with a significant increase in Bacillus 
and Lactococcus and a decrease in Oscillibacter and 

facturer’s protocols. The absorbance was measured at 
450 nm. The results were expressed as pg/mg tissue. 
A total of eight mice were selected randomly from each 
group for ELISA.

Statistical analysis
Data are presented as mean ± SE. All statistical analyses 
were performed using GraphPad Prism Software Version 
6.0 (GraphPad Software Inc., La Jolla, CA, United 
States). Statistical differences between experimental 
variants were assessed by two-tailed independent t-test, 
and data from more than two groups were analyzed by 
one-way ANOVA. Anosim and metastats analysis were 
used for microbiota analysis. P < 0.05 was considered 
statistically significant.

RESULTS
General health of mice in each group
As shown in Figure 2, compared to the control mice, 
the body weight loss was significantly higher in mice 
treated with azoxymethane/dextran sulfate sodium 
(AOM/DSS) after day 10 of DSS administration, which 
was accompanied by colitis symptoms, such as loose 
and bloody stool and dim body hair, fatigue, and less 
movement. These symptoms were alleviated when the 
mice received ordinary drinking water. In week 9, some 
mice treated with AOM/DSS presented bloody stool 
again, as well as, anal prolapse in week 10. However, no 
apparent weight loss was observed in the control mice, 
and no significant differences were detected among the 
five groups at the end of week 12.

Establishment of UC-associated carcinogenesis mice 
model
The mice were sacrificed by week 12, and the colorectal 
tumors were observed in the model and treatment 
groups (5-ASA, VSL#3, and 5-ASA + VSL#3). Strikingly, 
the tumor was primarily localized in the distal two-thirds 
of the colon. Anal tumor fusion and ring growth at the 
end of the rectum were observed in mice with anal 
prolapse (Figure 3). The pathological analysis showed 
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Lachnoclostridium as compared to the model group (P 
< 0.05). 5-ASA combined with VSL#3 increased the 
level of Lactobacillus and decreased that of Oscillibacter 
(P < 0.05) (Table 4).

VSL#3 treatment alters the composition of mucosal 
microbiota in AOM/DSS treated mice 
For the mucosal microbiota, no difference was observed 
in the community diversity among the groups after the 
12-wk experiment. However, the distinct shift in the 
microbiota composition was observed by PCA and Anosim 
analysis (R > 0, P < 0.05). Further investigation into the 
discrete bacterial taxa revealed that Ruminococcaceae 
UCG-014 and Bifidobacterium decreased, while 
Alloprevotella increased in the model group compared 
to the control group. After supplementation with VSL#3, 
Bifidobacterium was increased. Although 5-ASA alone did 
not alter the mucosal microbiota, the combination with 
VSL#3 increased Lachnoclostridium and Bifidobacterium 
in the mucosa (Table 5).

DISCUSSION
The current study found that the rate of tumor formation 

and tumor load decreased after VSL#3 treatment 
compared to the model group, while the levels of TNF-α 
and IL-6 in the colon tissue in the model group were 
significantly higher than the control group. After the 12 
wk treatment of VSL#3, the increase in TNF-α and IL-6 
caused by AOM/DSS declined significantly. These findings 
were consistent with that of previous studies[11,13,14]. The 
major risk of long-term chronic inflammation is tumor 
occurrence[2]. Thus, we speculated that VSL#3 could 
prevent UC carcinogenesis by inhibiting the inflammatory 
response. 

Herein, we found differences between the fecal and 
mucosal microbiota. In the case of fecal microbiota, 
the model group mice possessed less Lactobacillus and 
more Oscillibacter and Lachnoclostridium as compared 
to the control group. Previous studies have shown 
that Lactobacillus bulgaricus can reduce colitis[15], and 
Lactobacillus rhamnosus can effectively maintain UC 
remission[16]. Oscillibacter and Lachnoclostridium are 
newly discovered genera with respect to digestive 
diseases. In the case of mucosal microbiota, the 
level of the genus UCG-014 of Ruminococcaceae and 
Bifidobacterium decreased, while that of Alloprevotella 
increased in the model group as compared to the control 

Table 1  Tumor formation rate and tumor load in each group

Group n Tumor formation rate (%) Tumor load (cm) P  value (vs  model group)

5-ASA 20   65.0 (13/20) 0.43 ± 0.14 0.0269
VSL#3 20   65.0 (13/20) 0.25 ± 0.07 0.0009
5-ASA + VSL#3 19   63.2 (12/19) 0.46 ± 0.11 0.0261
Model 19 100.0 (19/19) 0.97 ± 0.19 -
Control 10 0 0 -

Table 2  Level of tumor necrosis factor-α in colon tissue in each group

Group n TNF-α (pg/mg tissue) P  value (vs  model group)

5-ASA 8 14.66 ± 0.72 < 0.05
VSL#3 8 25.89 ± 5.25 < 0.05
5-ASA + VSL#3 8 21.33 ± 4.55 < 0.05
Model 8   68.38 ± 18.73 -
Control 8 10.49 ± 0.30 < 0.01

5-ASA

VSL#3

5-ASA + VSL#3

Model

Control

Figure 3  Representative image of colonic tumor in each group that was examined under naked eye.
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group. Some genus of Ruminococcaceae can consume 
hydrogen to produce acetate, which is subsequently used 
by Roseburia to produce butyrate that is not only the 
main source of energy for intestinal epithelial cells but 
can also inhibit the signaling pathway of proinflammatory 

cytokines[17]. Bifidobacterium can produce bacteriocin and 
organic acids against pathogens on intestinal mucosal 
invasion[18]. It regulates the intestinal mucosal immunity 
and prevents the colonization of pathogens. The role 
of Alloprevotella is not yet clarified as it is not reported 
frequently in the digestive disease. Therefore, we 
hypothesize that dysbiosis occurs during UC-associated 
carcinogenesis, which reduces the beneficial types and 
increases the detrimental types. 

Previous studies have shown that supplementa
tion of probiotics can balance the intestinal microbiota 
of UC patients[6], which led us to speculate that sup
plementation of probiotics can also balance the intestinal 
microbiota of UC-associated carcinogenesis. The current 
study demonstrated that Bacillus and Lactococcus were 
increased, while Oscillibacter and Lachnoclostridium 
were decreased in the feces following VSL#3 treatment 
as compared to the model group. Some species of 
Bacillus and Lactococcus are widely used as probiotics. 
For example, Bacillus subtilis can significantly reduce 

Table 3  Level of interleukin-6 in colon tissue in each group

Group n IL-6 (pg/mg tissue) P  value (vs  model group)

5-ASA 8 28.19 ± 6.80 < 0.0001
VSL#3 8   99.71 ± 31.14 < 0.0500
5-ASA+VSL#3 8   81.43 ± 26.98 < 0.0100
Model 8 254.20 ± 32.49 -
Control 8 25.47 ± 5.50 < 0.0001

Table 4  Comparison of fecal microbiota (abundance)

Genus Control (%) Model (%) 5-ASA (%) VSL#3 (%) 5-ASA + VSL#3 (%)

Lactobacillus 4.77  3.261  2.65  4.06  9.864

Oscillibacter 0.64  1.301   0.542   0.523  0.794

Lachnoclostridium 0.45  1.191   0.482   0.393 1.08
Bacillus 1.01 0.98 24.002 23.343 0.66
Lactococcus 2.30 2.29   8.582   7.863 1.59

1P < 0.05 between the model and control groups; 2P < 0.05 between the model and 5-ASA groups; 3P < 0.05 between the model and VSL#3 groups; 4P < 0.05 
between the model and 5-ASA + VSL#3 groups. 

A B

Figure 4  Representative image of hematoxylin-eosin staining of colon tissue examined under a microscope (40 × and 100 ×). A: Control group, the colonic 
mucosa glands were normal in the control group, the structure was regular, and the opening was good; B: Model group, the colonic gland structure presented disorder, 
large nuclei, deep staining, and nucleoplasmic ratio imbalance.
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Figure 5  Tumor load in each group. aP < 0.05, bP < 0.01, cP < 0.001.
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DSS-induced colonic mucosal injury and inflammatory 
factors in mice and improve the levels of short-chain 
fatty acids[19]. Lactococcus lactis exerts a protective 
effect on DSS-induced colitis model mice[20]. 

Furthermore, Bifidobacterium increased in the mucosa 
after VSL#3 supplementation, thereby suggesting that 
VSL#3 supplementation, following the onset of AOM/
DSS-induced colitis, promotes a healthy gastrointestinal 
bacterial community. Interestingly, VSL#3 is composed 
of eight strains, including one Streptococcus, three 
Bifidobacterium, and four Lactobacillus. However, none 
of the above strains increased significantly in the fecal 
intestinal microbiota after three-month gavage, suggesting 
that the positive effect of probiotics on the intestinal 
microbiota of the host is by regulating the proportion of 
beneficial and harmful bacteria.

For the differences between fecal and mucosal 
microbiota, we make the following explanation. There 
are three kinds of Bifidobacterium in VSL#3, and 
Bifidobacterium increased in mucosal microbiota but not 
in fecal. This phenomenon indicated that Bifidobacterium 
is easily colonized in the mucosa. Conversely, Bacillus 
and Lactococcus increased in fecal microbiota after 
VSL#3 intervention but not in the mucosa, indicating 
that Bacillus and Lactococcus can colonize easily in the 
feces. Strikingly, the four types of Lactobacillus in VSL#3 
did not increase either in the fecal or mucosal microbiota, 
thereby suggesting that the intestinal environment of 
UC-associated carcinogenesis is not optimal for the 
growth of Lactobacillus. Only in the 5-ASA + VSL#3 
group, the increase in Lactobacillus was observed in 
feces, which might be attributed to the low luminal pH. 

However, these hypotheses necessitate further studies 
for substantiation.

5-ASA is the first-line treatment for mild-to-moderate 
UC, and studies have found that 5-ASA ≥ 1.2 g/d could 
reduce the risk of carcinogenesis in patients with mild-to-
moderate UC[21]. Thus, considering the clinical significance, 
we designed the 5-ASA monotherapy group and the 5-ASA 
+ VSL#3 group. Interestingly, the change in the fecal 
microbiota in the 5-ASA group was similar to that in the 
VSL#3 monotherapy group. The potential mechanisms 
regulating the microbiota by 5-ASA are as follows: (1) 
Change in the colonic luminal pH: 5-ASA is released in the 
colon and translated into acetylsalicylic acid, which in turn, 
can decrease the luminal pH[22]. Low luminal pH is optimal 
for the growth of Bifidobacteria and Lactobacilli[23]; 
(2) improvement in the anoxia environment: 5-ASA 
can inhibit the production of chemotactic eicosanoids 
and cyclooxygenase 2 (COX2), which induces anoxia 
and can inactivate the oxygen-derived free radicals, 
improving the anoxia situation, which might affect the 
composition of intestinal microbiota[22]; and (3) 5-ASA can 
downregulate the expression of genes that are involved in 
bacterial metabolism, invasiveness, and antibiotic/stress 
resistance[24]. 

Nevertheless, the present study has some limitations. 
Herein, we only observed the phenomenon of gut 
microbiota changes while the specific role of flora is yet 
to be explored. Our future in vitro studies would focus on 
the underlying mechanisms.

In conclusion, the current study demonstrated that 
VSL#3 prevented UC-associated carcinogenesis in the 
AOM/DSS-induced mice model and decreased the level of 

Table 5  Comparison of mucosal microbiota (abundance)

Genus Control (%) Model (%) 5-ASA (%) VSL#3 (%) 5-ASA + VSL#3 (%)

Alloprevotella 0.26  1.571 1.16 0.95 1.22
Ruminococcaceae_UCG-014 6.63  1.491 1.64 1.50 1.15
Bifidobacterium 3.45  0.241 0.19  3.342  1.903

Lachnoclostridium 0.24 0.40 2.05 0.25  2.033

1P < 0.05 between the model and the control groups; 2P < 0.05 between the model and the VSL#3 groups; 3P < 0.05 between the model and the 5-ASA + 
VSL#3 groups.
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Figure 6  Colonic tumor necrosis factor-α and interleukin-6 levels in different groups. aP < 0.05, bP < 0.01, cP < 0.001. TNF-α: Tumor necrosis factor-α; IL-6: 
Interleukin-6.
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TNF-α and IL-6 in colon tissue. The intestinal microbiota 
dysbiosis was exhibited in UC-associated carcinogenesis 
mice. Supplementary VSL#3 was beneficial for a 
balanced fecal and mucosal microbiota in UC-associated 
carcinogenesis mice. Taken together, VSL#3 may serve 
as a potential therapeutic agent for the prevention of UC-
associated carcinogenesis. Ongoing studies in our group 
are focused on the underlying mechanisms. 

ARTICLE HIGHLIGHTS
Research background
Recently, an upward trend has been observed in the incidence of ulcera
tive colitis (UC) leading to increased clinical attention on UC-associated 
carcinogenesis.

Research motivation
Existing treatment for UC in the prevention of carcinogenesis involves several 
risks and side effects with long-term usage. Finding new treatment regimens 
are essential. 

Research objectives
To investigate the effects of VSL#3 on tumor formation, and fecal and intestinal 
mucosal microbiota in the azoxymethane/dextran sulfate sodium (AOM/DSS) 
induced mice model.

Research methods
C57BL/6 mice were administered AOM/DSS to develop the UC-associated 
carcinogenesis model. The treatment group was gavaged with 5-ASA (75 
mg/kg/d), VSL#3 (1.5 × 109 CFU/d), and 5-ASA + VSL#3 from the day of AOM 
injection for three months (five days/week). The tumor load was compared in 
each group, and tumor necrosis factor (TNF-α) and interleukin (IL)-6 levels 
evaluated in colon tissue. The stool and intestinal mucosa samples were 
collected to analyze the differences in the intestinal microbiota by 16s rDNA 
sequencing.

Research results
VSL#3 significantly reduced the tumor load in the AOM/DSS-induced mice 
model, and decreased the level of TNF-α and IL-6 in colon tissue. The model 
group had a lower level of Lactobacillus and higher level of Oscillibacter and 
Lachnoclostridium in fecal microbiota than the control group (UC-associated 
carcinogenesis not induced). Bacillus and Lactococcus were increased 
after the intervention with 5-ASA and VSL#3, while Lachnoclostridium and 
Oscillibacter were reduced. 5-ASA + VSL#3 increased the Lactobacillus and 
decreased the Oscillibacter. The intestinal mucosal microbiota analysis showed 
a lower level of Bifidobacterium and Ruminococcaceae_UCG-014 and higher 
level of Alloprevotella in the model group compared to the control group. 
Bifidobacterium was increased after supplementation with VSL#3. 5-ASA + 
VSL#3 increased the level of both Lachnoclostridium and Bifidobacterium.

Research conclusions
In mice, VSL#3 can prevent UC-associated carcinogenesis, reduce the colonic 
mucosal inflammation levels, and is beneficial for rebalancing the fecal and 
mucosal intestinal microbiota.

Research perspectives
VSL#3 may be a potential therapeutic agent for UC-associated carcinogenesis 
prevention based on the data presented here.
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Abstract
AIM
to identify functional proteins involved in pancreatic-
duodenal homeobox-1 (PDX1)-mediated effects on gastric 
carcinogenesis.

METHODS
A PDX1-overexpressed model was established by 
transfecting gastric cancer cell line SGC7901 with 
pcDNA3.1(+)-PDX1 vector (SGC-PDX1). Transfection 
with empty pcDNA3.1 vector (SGC-pcDNA) served as 
control. Comparative protein profiles of the two groups 
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were analyzed by two-dimensional electrophoresis based-
proteomics (2DE gel-based proteomics). The differential 
proteins identified by 2DE were further validated by qRT-
PCR and immunoblotting. Finally, co-immunoprecipitation 
was used to determine any direct interactions between 
PDX1 and the differential proteins.

RESULTS
2DE gel proteomics identified seven differential proteins 
in SGC-PDX1 when compared with those in SGC-pcDNA. 
These included four heat shock proteins (HSPs; HSP70p1B, 
HSP70p8, HSP60, HSP27) and three other proteins (ER60, 
laminin receptor 1, similar to epsilon isoform of 14-3-3 
protein). Immunoblotting validated the expression of the 
HSPs (HSP70, HSP60, HSP27). Furthermore, their expres
sions were lowered to 80%, 20% and 24%, respectively, 
in SGC-PDX1, while PDX1 exhibited a 9-fold increase, 
compared to SGC-pcDNA. However, qRT-PCR analysis 
revealed that mRNA levels of the HSPs were increased in 
SGC-PDX1, suggesting that the expression of the HSPs 
was post-translationally regulated by the PDX1 protein. 
Finally, co-immunoprecipitation failed to identify any direct 
interaction between PDX1 and HSP70 proteins.

CONCLUSION
This study demonstrates the potential involvement of 
HSPs in PDX1-mediated effects on the genesis of gastric 
cancer.

Key words: Pancreatic-duodenal homeobox-1; Heat shock 
proteins; Gastric cancer; Proteomics; Two-dimensional 
electrophoresis
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Core tip: Using a pcDNA3.1(+)-pancreatic-duodenal 
homeobox-1 (PDX1) vector, a PDX1-overexpressed model 
was built. Seven differential proteins were identified 
in SGC-PDX1 by two-dimensional electrophoresis gel 
proteomics compared with those in SGC-pcDNA. Four 
heat shock proteins were identified and confirmed by im
munoblotting. qRT-PCR analysis further revealed that the 
expression of the HSPs was post-translationally regulated 
by the PDX1 protein. This study suggests the potential 
involvement of HSPs in PDX1 mediated effects on gastric 
carcinogenesis.

Ma J, Wang BB, Ma XY, Deng WP, Xu LS, Sha WH. Potential 
involvement of heat shock proteins in pancreatic-duodenal 
homeobox-1-mediated effects on the genesis of gastric cancer: 
A 2D gel-based proteomic study. World J Gastroenterol 2018; 
24(37): 4263-4271  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i37/4263.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i37.4263

INTRODUCTION
Homeobox genes greatly contribute to the pattern for­

mation of embryos by encoding many homeodomain 
transcriptional regulators[1,2]. The human gene of pan­
creatic-duodenal homeobox-1 (PDX1) is located at 
chromosomal locus 13q12.1[3]. In adults, PDX1 is ex­
pressed in Brunner’s glands of the duodenum, pancreatic 
β cells and gastric pyloric gland cells. As one of the key 
homeodomain transcription regulators, PDX1 plays 
an important role in the development of the digestive 
system, including antrum, duodenum, and pancreas[4,5]. 
PDX1 is also a biomarker of pancreatic stem cells and 
regulates normal islet function[6]. In addition, PDX1 is 
expressed in the distal stomach and is involved in the 
secretion of hormones, such as somatostatin, serotonin, 
and gastrin[4]. Dysregulation of PDX1 may lead to 
pancreatic and gastric carcinogenesis. For example, over­
expression of PDX1 was shown to be associated with 
the development of pancreatic cancer as it promoted 
proliferation, invasion, and colony formation in cancer 
cells[7]. Moreover, we earlier reported downregulation 
of PDX1 in gastric cancer, which suggests its potential 
role as a tumor suppressor. Further, overexpression 
of PDX1 induced apoptosis and inhibited proliferation, 
clone formation, and migration of gastric cancer cells. 
In addition, stable transfection with PDX1 was shown to 
suppress development of gastric cancer in vivo[8]. We 
have also shown that silencing of PDX1 in gastric cancer 
is likely caused by promoter hypermethylation and 
histone hypoacetylation[9]. However, the downstream 
mechanism by which PDX1 mediates gastric tumori­
genesis remains elusive.

Proteins are the fundamental molecules that perform 
cellular functions. Changes in the protein expression 
profile under pathological conditions may reflect potential 
pathogenic mechanisms. Proteomic approaches represent 
a powerful tool to explore the underlying mechanism 
of tumorigenesis by characterizing the cellular events 
related to tumor development, angiogenesis, and pro­
gression. A number of proteomic approaches have 
been used to investigate the pathogenesis of gastric 
cancer[10-12]. Among these, 2D gel electrophoresis is a 
conventional approach and has been the principal step 
in the development of proteomics. Subsequent to 2D 
gel electrophoresis, protein expression profiles have 
been elucidated by computational image analysis and 
identified by mass spectrometry[13]. Although a number 
of different proteomics techniques have evolved in recent 
years, 2DE-based proteomics is still widely used to 
identify cancer-associated proteins[14].

To clarify the role of downstream mediators of PDX1 
in gastric tumorigenesis, we established a PDX1-over­
expressed gastric cancer cell model by transfection. After 
validation of the PDX1 overexpressed model, we used 
a 2D gel-based proteomic approach to determine the 
differentially expressed proteins as compared to that in 
the empty vector transfected gastric cancer cells. The 
expressions of identified candidate proteins were further 
assessed by real-time qRT-PCR and/or immunoblotting. 
Finally, co-immunoprecipitation was used to examine 
whether a differential protein, HSP70 has direct inter­
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actions with PDX1 protein. Our results will greatly extend 
our understanding of the mechanisms of PDX1 mediated 
effects on gastric tumorigenesis.

MATERIALS AND METHODS
Cell culture
Human gastric cancer cell line SGC7901 was cultured 
in RPMI-1640 medium supplemented with 10% fetal 
bovine serum (FBS), 100 μg/mL streptomycin, and 100 
μg/mL penicillin. The cells were maintained in a constant 
temperature incubator at 37 ℃ and 5% CO2. The cells 
were harvested and passaged as required.

Cell transfection and protein sample preparation
The vector of pcDNA3.1(+)-PDX1 was established accor­
ding to the methods previously published[15]. The SGC7901 
cells were cultured in 6-well plates and transfected with 
pcDNA3.1(+)-PDX1 vector (SGC-PDX1) or pcDNA3.1(+) 
control vector (SGC-pcDNA) using liposome transfection 
reagent (Lipofectamine™ 2000 Transfection Reagent, 
ThermoFisher Scientific, United States). After six 
hours, fresh complete medium was used to replace 
the transfection medium and the cells of each group 
were aliquoted in triplicate. After 24-h incubation, the 
transfected SGC7901 cells were harvested for protein 
extraction. Initially, the culture plates were placed on ice, 
followed by addition of 250 μL lysis buffer for 10 min. The 
lysed cells were scraped off and sonicated for 10 min. 
Subsequently, the cell lysates were centrifuged at 20000 
g for 30 min, and the supernatant containing cell proteins 
was collected. The whole cell lysate proteins were purified 
using a Cleanup kit (ProteoPrep® Total Extraction Sample 
Kit, Sigma-Aldrich, United States) to remove salt and 
lipid impurities. Protein concentration was determined by 
bicinchoninic acid (BCA) method. Finally, 600 μg protein 
from each sample was used for 2D gel electrophoresis.

2D gel electrophoresis, image analysis, and mass 
spectroscopy
2D gel electrophoresis was performed according to the 
method described elsewhere[16]. The first-dimensional 
isoelectric focusing of protein sample was conducted 
on Immobiline™ pH 3-10 IPG linear strips (Amersham, 
Pharmacia Biotech Inc.), and focused by an IPGphor 
electrophoresis system (Ettan IPGphor Isoelectric 
Focusing System, Amersham Biosciences, United States) 
by following the manufacturer’s instructions. During 
second dimensional separation, focused strips were 
subjected onto the top of 12.5% SDS-PAGE gradient gels 
and overlaid with 1% agarose gel buffer. The gels were 
run under 20 ℃ at a speed of 15 mA/gel in stacking gel 
and 30 mA/gel in resolving gel until bromophenol blue 
front was within 0.5-1 cm of the gel bottom. The 2D gels 
were then stained with silver and scanned with UMax 
Powerlook 2110XL (GE Amersham). Image analysis was 
conducted using Image Master 2D platinum 5.0 software 
(Amersham pharmcia, Biotech) to identify differentially 

expressed protein profiles.
The differential protein spots between the two 

groups were excised using an automated Spot Handling 
Workstation (Amersham pharmcia, Biotech) and were 
subjected to discoloration and dehydration. The proteins 
were digested by trypsin and the peptides were obtained 
using peptide extraction buffer. The peptide suspension 
was vacuum-dried and resuspended in D/W. The resus­
pended peptide extracts were then spotted on a matrix-
assisted laser-desorption ionization (MALDI) target. 
MALDI-MS analysis was conducted through a MALDI-
time-of-flight (MALDI-TOF) mass spectrometer (Applied 
Biosystems, United States) and peptide mass mapping 
was performed by searching the NCBInr database.

qRT-PCR analysis
Total RNA from the cells was isolated using a Mini-
RNease RNA extract kit (Qiagen, Germany) according 
to the manufacturer’s instructions. cDNA was reverse-
transcribed from total RNA using a Thermoscript RT-PCR 
system (Gibco BRL, Gaithersburg, MD, United States). 
Applied Biosystems Sequence Detection System 7900 
(Applied Biosystems, United States) was used to perform 
the qRT-PCR analysis. The reaction was performed using 
10 μL mixture of 300 ng cDNA templates, 500 nmol 
of each primer and Power SYBR GREEN PCR Master 
Mix (Applied Biosystems, United States) as previously 
reported[8]. The generated melting curves and CT values 
were used to calculate the copy numbers of PDX1 or 
HSPs mRNA. Online tool was utilized to design the PCR 
primers and the corresponding sequences, which are 
shown in Table 1. 

Immunoblotting
As described in our previous study[8], the whole cell 
lysate protein was mixed with SDS-PAGE sample buf­
fer and boiled for five minutes. Prepared protein sam­
ples were separated by SDS-PAGE electrophoresis and 
electrotransferred onto polyvinylidene fluoride mem
branes. After blocking, the membranes were blotted with 
primary antibodies against PDX1, HSP27, HSP60, and 
HSP70 (Santa Cruz Biotechnology). The membranes 
were then incubated with horseradish peroxidase (HRP)-
conjugated secondary antibodies and visualized using 
an enhanced chemiluminescence system (Amersham, 
Piscataway, NJ, United States).

Co-immunoprecipitation
SGC7901 cells were co-transfected with both pc­
DNA3.1(+)-PDX1 and pcDNA3.1(+)-HSP70 plasmids and 
cultured for 24 h. The cells were subsequently washed 
with PBS and lysed using lysis buffer (1 mmol/L pheny­
lmethylsulfonyl fluoride, 5 mmol/L 2-mercaptoethanol, 
2 mmol/L MgCl2, 20 mmol/L HEPES, 150 mmol/L NaCl, 
10 μg/mL leupeptin and 10 μg/mL aprotinin). The lysates 
were transferred onto protein A beads (Thermo Fisher 
Scientific) and incubated overnight with primary antibodies 
for PDX1 or HSP70 (Santa Cruz Biotechnology) at 4 ℃. 
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of pcDNA3.1(+)-PDX1 (SGC-PDX1). The whole cell lysate 
proteins were extracted and subjected to immunoblotting 
to confirm the establishment of PDX1 overexpressed 
model. As shown in Figure 1A, the expression of PDX1 in 
pSGC-PDX1 cells was significantly increased compared 
to that in the SGC-pcDNA cells. These results indicated 
the successful establishment of a PDX1 overexpressed 
model, which was further used for 2D gel-based 
proteomic analysis.

Differentially expressed protein profiles in PDX1 
overexpressed model revealed by 2D gel-based 
proteomics
The comparative protein profile of PDX1 overexpressed 
model and control group was determined using 2D PAGE 
coupled with MALDI-TOF-MS. The 2-DE maps were 
displayed between a pH range of 3-10. Figure 2A and 
2B shows the representative 2-DE maps of SGC-PDX1 
and SGC-pcDNA. Compared with SGC-pcDNA control 
cells, seven proteins were found to be downregulated 
about two-fold in SGC-PDX1 cells (Figure 2C). The seven 

The beads were washed twice using lysis buffer to remove 
unbound proteins. To elute the bound proteins, the beads 
were then resuspended in sample buffer and boiled at 
95 ℃ for three minutes. The collected unbound and bound 
proteins were stored at -80 ℃ for further use during 
immunoblotting.

Statistical analysis
Data are presented as mean ± SD, and the differences 
in continuous variables were assessed by Mann-Whitney 
U test (Student t test). P-values < 0.05 were considered 
statistically significant and all statistical tests were two-
tailed.

RESULTS
Establishment of PDX1 overexpressed model using 
gastric cell line
To study the downstream mechanisms of PDX1 in gastric 
carcinogenesis, we established a PDX1 overexpressed 
model of gastric cancer cell line SGC7901 using a vector 

Gene name Forward Reverse Product size (bp)

PDX1 5’-ATCTCCCCATACGAAGTGCC-3’ 5’-CGTGAGCTTTGGTGGATTTCAT-3’   92
GAPDH 5’-ATGGGGAAGGTGAAGGTCG-3’ 5’-GGGGTCATTGATGGCAACAATA-3 108
HSPA2 5’-CACCACCTATTCGTGCGTC-3’ 5’-TTTCCGTCCAATCAGCCTCTT-3’ 196
HSPA6 5’-CAAGGTGCGCGTATGCTAC-3’ 5’-GCTCATTGATGATCCGCAACAC-3’ 224
HSPA8 5’-GGAGGTGGCACTTTTGATGTG-3’ 5’-CAAGCAGTACGGAGGCGTCT-3’ 200
HSPA1B 5’-TTTGAGGGCATCGACTTCTACA-3 5’-CCAGGACCAGGTCGTGAATC-3’ 148
HSPA1L 5’-CTACTGCCAAGGGAATCGCC-3’ 5’GCCGATCAGACGTTTAGCATC-3’ 227
HSP27 5’-GGACGAGCATGGCTACATCT-3’ 5’-CTTTACTTGGCGGCAGTCTC-3’ 237
HSP60 5’-CACCGTAAGCCTTTGGTCAT-3’ 5’-CCCTCTTCTCCAAACACTGC-3’ 188

Table 1  Primer sequences of pancreatic-duodenal homeobox-1 (PDX1) and heat shock protein (HSP) genes used in the RT-PCR 
analysis
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Figure 1  Pancreatic-duodenal homeobox-1 overexpression regulated the expression of heat shock proteins in gastric cancer SGC7901 cells. A: 
Immunoblotting analysis confirmed the enhanced expression of PDX1 protein after PDX1-pcDNA transfection in SGC7901 cells. It also revealed that PDX1 
overexpression could downregulate the expression of HSP27, HSP60, and HSP70 proteins in SGC-PDX1 cells; B: Quantitative analysis of the results of 
immunoblotting indicated that HSP70 protein was significantly decreased in SGC-PDX1 cells. aP < 0.05.
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differentially expressed protein spots were excised from 
replicate 2D-gels and the corresponding peptides were 
obtained by proteolytic digestion. Extracted peptides 
were subjected to MALDI-TOF-MS analysis and then the 
database search was performed. The seven differentially 
expressed proteins were identified as, heat shock protein 
(70 kDa) and its isoforms, heat shock protein (60 
kDa), heat shock protein (27 kDa), glucose regulated 
protein (58 kDa), laminin receptor 1, epsilon isoform of 
14-3-3 protein. The detailed information of the seven 
differentially expressed proteins is shown in Table 2.

Validation of differentially expressed proteins by qRT-
PCR and immunoblotting
Through literature search and review, we found that 
the heat shock proteins (HSPs) were shown to play 
an important role in the regulation of tumorigenesis, 
including proliferation, invasion, and colony formation of 
cancer cells[17-19]. This finding suggested that the HSPs 
might also be involved in gastric carcinogenesis because 
they also showed differential protein expressions in 
SGC-PDX1 as revealed by 2D gel-based proteomics. 
Therefore, we selected the heat shock proteins for further 
evaluation.

SGC7901 cells were maintained under the same 
culture conditions and transfected with corresponding 
vectors as mentioned earlier. Total RNA and whole cell 
proteins were extracted for qRT-PCR and immunoblotting, 
respectively. The expression of PDX1 mRNA was signifi
cantly upregulated in SGC-PDX1 cells as compared to 
that in the control group (Figure 3). This indicated the 
successful transfection of SGC7901 cells with the PDX1 
gene. In addition, the mRNA levels of the HSP70 isoforms 
(HSPA1B, HSPA1L, HSPA2, HSPA6), HSP27, and HSP60 
were found to have increased after PDX1 overexpression 
(Figure 3) in SGC7901 cells. Immunoblotting confirmed 
that the expression of the PDX1 protein was significantly 
increased in SGC-PDX1 cells. Moreover, the expression 
of HSP70, HSP27, and HSP60 were downregulated 
in SGC-PDX1 cells (reduced to 80%, 24%, and 20%, 
respectively), which was consistent with the proteomic 
results (Figure 1). However, these results demonstrated 
the opposite patterns of mRNA and protein expression 
of HSP70, HSP27, and HSP60 in SGC-PDX1 cells, which 
suggests that the expressions of these proteins were 
post-translationally regulated in SGC-PDX1 cells.

Interaction between PDX1 and HSP70 evaluated by co-
immunoprecipitation
Results of immunoblotting showed that the difference in 
the expression of HSP70 between the two groups was 
much higher than that for the other two HSP proteins, 
which emphasized the significance of the HSP70 protein 
in PDX1-mediated effects on gastric tumorigenesis. 
Therefore, we further evaluated whether PDX1 and 
HSP70 proteins have direct interactions. SGC7901 cells 
were co-transfected with both pcDNA3.1(+)-PDX1 and 
pcDNA3.1(+)-HSP70 plasmids and cultured for 24 h. 
The whole cell lysate protein of co-transfected SGC7901 
cells were then subjected to co-immunoprecipitation. 
As illustrated in Figure 4A, both PDX1 and HSP70 pro­
teins were identified in the cell lysate proteins of co-
transfected SGC7901 cells, which confirmed the input 
of PDX1 and HSP70 proteins in co-immunoprecipitation 
assay. The whole cell lysate proteins were then subjected 
to co-immunoprecipitation assay using precipitating 
antibodies against PDX1 and HSP70. The corresponding 
immunoprecipitated proteins were further detected 
by immunoblotting using primary antibodies against 
HSP70 and PDX1. Interestingly, no significant binding 
between PDX1 and HSP70 proteins was observed (Figure 
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Figure 2  Two-dimensional electrophoresis-gel images of proteins from 
SGC7901 with pcDNA3.1(+)-pancreatic-duodenal homeobox-1 (PDX1) 
vector and SGC7901-pcDNA cells. A and B: Representative 2DE-gel 
images of SGC-PDX1 and SGC-pcDNA groups. The differentially expressed 
proteins are indicated by circles; C: Close-up images of the differential protein 
spots between SGC-PDX1 and SGC-pcDNA groups. 2DE: 2-dimensional 
electrophoresis.
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4B), which implied that there was no direct interaction 
between PDX1 and HSP70 proteins.

DISCUSSION
Gastric cancer is a leading cause of cancer-associated 
mortality across the world[20]. Despite years of extensive 
research, the molecular mechanisms involved in the 
pathogenesis of gastric cancer are not completely 
understood. Recent advances in proteomics display its 
great potential for use in cancer diagnosis, prognostic 
assessment, and to understand the molecular mechanism 
of carcinogenesis. Proteomic approaches have been 
widely applied in research on gastric cancer[21-23]. Liu 
et al[24] used 2D gel-based proteomics to compare the 
differential serum protein profiles between gastric cancer 
patients and healthy controls, and identified several 
serum biomarkers for gastric cancer. Poon et al[22] 
also demonstrated that an exclusive serum proteomic 
fingerprint, identified by SELDI-based proteomics, can 
be used for noninvasive diagnosis of gastric cancer. In 
addition, many prognostic biomarkers of gastric can­
cer were identified by proteomic approaches, such as 
S100P[25] and S100A9[25] proteins. Chen et al[26] utilized 
a quantitative proteomic technique to identify the diffe­
rentially expressed proteins in metastatic gastric cancer 
cells as compared to that in noninvasive gastric cancer 
cells. After downstream validation, they found that 
vimentin and galectin-1 were potential markers of gastric 
cancer metastasis and suggested their involvement in 
cell-cell and cell-ECM adhesion interactions.

PDX1 is a member of the homeobox family and 
plays an important role in the development of embryonic 
digestive system. A previous study demonstrated that 
PDX1 knockout mice showed abnormal growth of gastro­
duodenal junction, which increased the difficulty in 
emptying gastric contents and ultimately led to gastric 
retention[27]. Aberrant expression of the PDX1 gene 
has been associated with carcinogenesis. PDX1 was 

shown to function as a tumor promoter by enhancing 
the proliferation, invasion[28], and induction of acinar-to-
ductal metaplasia[29] in pancreatic cancer. Hence, there 
is a growing interest to develop a novel therapy for 
pancreatic cancer by targeting PDX1. Interestingly, PDX1 
was also found to be associated with the tumorigenesis 
of gastric cancer. Both Faller et al[30] and Sakai et al[31] 
have reported abnormal expression of PDX1 protein 
in pseudo-pyloric glandular metaplasia. In a previous 
study, we found that PDX1 protein was downregulated in 
Helicobacter pylori infection, incisural antralisation, and 
intestinal metaplasia[32]. We further identified significantly 
decreased PDX1 mRNA and PDX1 protein expression in 
gastric cancer cells. Downregulation of PDX1 in gastric 
cancer tissues might be caused by promoter hyper­
methylation and histone hypoacetylation[9]. We also 
observed that the transient overexpression of the PDX1 
gene could inhibit proliferation and induce apoptosis of 
gastric cancer cells. Moreover, stable overexpression of 
the PDX1 gene suppressed colony formation, wound 
healing, migration of gastric cancer cells, and decreased 
tumor incidence in nude mice; these findings imply that 
PDX1 may act as a tumor suppressor in the context of 
gastric cancer[8].

In the present study, we sought to clarify the down­
stream mediators of PDX1-mediated effects on gastric 
cancer tumorigenesis. We used 2D gel-based proteomics 
to identify differentially expressed proteins between 
PDX1-overexpressed gastric cancer cells and the control 
empty vector transfected gastric cells. Seven differentially 
expressed proteins were identified by proteomic ana­
lysis, which included three heat shock proteins. The 
three HSPs proteins, HSP70, HSP60, and HSP27, 
were significantly decreased in gastric cells after PDX1 
overexpression. The results of immunoblotting analysis 
were consistent with those of proteomics analysis. 
However, the mRNA levels of HSP70, HSP60, and HSP27 
were significantly increased after PDX1 overexpression. 
These results indicated that overexpression of PDX1 

Spot No. Rank protein name Accession No. Protein score Protein score 
CI%

Protein MW

S1 Heat shock 70 kDa protein 8 isoform 2 (homo sapiens)   gi 24234686 595 100 53598.4
HSPA8 protein (homo sapiens)   gi 48257068 546 100 54804.2

Heat shock 70 kDa protein 2 (homo sapiens)    gi 3287 9973 290 100 70263.0
Heat shock 70 kDa protein 6 (HSP70B’) (homo sapiens)   gi 55960611   81 100 71440.4

S2 DNAK-type molecular chaperone HSPA1L-human gi 2119712 559 100 70110.0
HSPA1A protein (homo sapiens)   gi 14414588 558 100 70294.1

Heat shock 10 kDa protein 1-like (homo sapiens)   gi 55961919 372 100 70730.5
Heat shock 70 kDa protein 1-like (homo sapiens)   gi 21759781 361 100 70748.4

Heat shock 70 kDa protein 1B (homo sapiens)   gi 55962554 296 100 52199.8
S3 Chaperonin 60 (Hsp60) (homo sapiens) gi 6996447 375 100 61187.4
S4 ER-60 protein (homo sapiens) gi 2245365 223 100 57146.9

Glucose regulated protein 58 kDa (Bos taurus)   gi 27805905 113 100 57293.0
S5 Ribosomal protein SA (laminin receptor 1) (homo sapiens)   gi 47125390 204 100 32933.5
S6 PREDICTED: Similar to epsilon isoform of 14-3-3 protein   gi 57091321   53 37.851 29326.5
S7 Heat shock 70 kDa protein 1B (homo sapiens)   gi 55962554   67 97.468 52199.8

Table 2  Differential protein spots between SGC7901 with pcDNA3.1(+)-pancreatic-duodenal homeobox-1 (PDX1) vector and 
SGC7901-pcDNA cells analyzed by matrix-assisted laser desorption ionization-time of flight-mass spectrometry
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could downregulate HSP70, HSP60, and HSP27 proteins 
through post-translational regulation pathways, such 
as mRNA degradation, glycosylation, degradation, or 
phosphorylation.

HSPs are a group of chaperone proteins that play dual 
roles in tumorigenesis[33]. HSP70, HSP60, and HSP27 
proteins were reported to be upregulated in gastric 
cancer and associated with tumor progression and poor 
prognosis[34-36]. Our immunoblotting analysis revealed 
that HSP70 proteins showed the greatest differential 
expression in PDX1-overexpressed gastric cells, which 
emphasized its significance in PDX1 mediated effects on 

gastric cancer tumorigenesis. Besides, HSP70 protein 
was shown to serve as a tumor promoter in gastric 
cancer by reducing apoptosis[37,38]. Therefore, PDX1 
might affect the apoptosis of gastric cancer cells by 
regulating the expression of HSP70. To further evaluate 
the interaction between PDX1 and HSP70, we performed 
a co-immunoprecipitation assay. However, no direct 
interactions could be found between the two proteins, 
which indicates that there may be some intermediate 
mediators that link PDX1 and HSP70 proteins in the 
regulation of gastric cancer tumorigenesis. Hence, fur­
ther studies are warranted to elucidate the relationship 
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Figure 3  Comparisons of mRNA levels of the heat shock proteins in SGC7901 with pcDNA3.1(+)-pancreatic-duodenal homeobox-1 (PDX1) vector and 
SGC7901-pcDNA cells. The mRNA expressions of HSPs in SGC-PDX1 and SGC-pcDNA cells were compared by qRT-PCR. The relative mRNA levels of two of 
HSP70 isoforms (HSPA1B and HSPA2) and HSP60 were significantly increased in the SGC-PDX1 group, while no significant differences were identified for the other 
HSP genes. (aP < 0.05). HSPs: Heat shock proteins.
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between PDX1 and HSP70, along with a detailed 
mechanism regarding their collaboration to regulate 
gastric tumorigenesis.

In conclusion, our study showed that proteomics 
is a powerful tool to study the molecular mechanisms 
involved in the genesis of gastric cancer. In addition, the 
inhibition of PDX1 in gastric cancers may contribute to 
the upregulation of HSPs, especially HSP70.

ARTICLE HIGHLIGHTS
Research background
As one of the homeobox genes that play critical roles in the pattern formation 
of embryos, pancreatic-duodenal homeobox-1 (PDX1) is widely expressed 
in Brunner’s glands of the duodenum, pancreatic β cells, and gastric pyloric 
gland cells. PDX1 plays a key role in the development of the digestive system, 
including antrum, duodenum, and pancreas. Downregulation of PDX1 has 
been observed in gastric cancer, which suggests its potential role in gastric 
tumorigenesis. Nevertheless, the downstream mechanisms that mediate the 
effect of PDX1 on gastric tumorigenesis are still poorly understood.

Research motivation
Although PDX1 has been found to be involved in gastric tumorigenesis, its 
downstream regulating mechanism is still unclear. 

Research objectives
To clarify the differential protein profile in PDX1-overexpressed gastric cell line 
and explore functional proteins involved in PDX1-mediated effects on gastric 
tumorigenesis.

Research methods
A PDX1-overexpressed model was established using gastric cancer cell 
line SGC7901 (SGC-PDX1). As a method that is still widely used to identify 
cancer-associated proteins, 2DE-based proteomics was applied to determine 
the differential protein profile between SGC-PDX1 and SGC-pcDNA. The 
differential proteins were then subjected to qRT-PCR and immunoblotting for 
further confirmation. Finally, direct interactions between PDX1 and the identified 
differential proteins were evaluated by co-immunoprecipitation. 

Research results
Seven proteins were found to be differentially expressed in SGC-PDX1 using 
2-DE proteomics. Immunoblotting confirmed that the three differential HSPs 
(HSP70, HSP60, HSP27) were downregulated in SGC-PDX1. However, qRT-
PCR analysis identified increased HSP mRNA in SGC-PDX1, which indicates 
that PDX1 may post-translationally regulate the expression of the HSPs. 
Further study is warranted to elucidate the relationship of HPS70 and PDX1, as 
co-immunoprecipitation did not identify direct interaction between them. 

Research conclusions
HSPs are involved in PDX1-mediated effects on the genesis of gastric cancer 
and the interaction between HSP70 and PDX1 is indirect. 

Research perspectives
This study demonstrates the involvement of HSPs in PDX1-mediated effects on 
gastric tumorigenesis. Further study is warranted to elucidate the downstream 
regulating mechanism of PDX1 on HSPs.
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Abstract
AIM 
To investigate the value of ultrasound elastography 
combined with serological indexes in diagnosing liver 
fibrosis and assessing its severity.

METHODS
A total of 338 chronic hepatitis B (CHB) patients were 
divided into a disease group (patients with hepatic 
fibrosis) and control group (subjects without hepatic 
fibrosis). The disease group was further divided into 
S1-S4 according to the degree of fibrosis. Independent 
risk factors for hepatic fibrosis were analyzed using 
multivariate logistic regression. The diagnostic values of 
hepatic fibrosis from different indicators were compared 
using receiver operating characteristic (ROC) curves. The 
combination of elastography and serological indexes was 
explored to assess the severity of hepatic fibrosis. 

4272 October 7, 2018|Volume 24|Issue 37|WJG|www.wjgnet.com

ORIGINAL ARTICLE

Evaluation of elastography combined with serological 
indexes for hepatic fibrosis in patients with chronic 
hepatitis B

Case Control Study

Bin Xu, Ning-Ming Zhou, Wei-Tian Cao, Xiao-Jing Li

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.3748/wjg.v24.i37.4272

World J Gastroenterol  2018 October 7; 24(37): 4272-4280

 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)



RESULTS 
The multivariate logistic regression analysis results 
revealed that shear wave velocity (SWV), hyaluronic 
acid (HA), type Ⅳ collagen (CⅣ) and aspartate amino
transferase-to-platelet ratio index (APRI) significantly 
affected the occurrence of hepatic fibrosis. The ROC 
curve revealed that the accuracy of the diagnosis 
of hepatic fibrosis for SWV and HA were 87.3% and 
84.8%, respectively. The accuracy of SWV combined  
with HA was 88.9%. The multiple linear regression 
analysis revealed that SWV, aspartate aminotransferase 
(AST)/alanine aminotransferase (ALT), HA, CⅣ, APRI 
and fibrosis index based on the 4 factor (FIB-4) were 
screened as statistically significant independent factors. 
The established regression equation was: Fibrosis level 
= -4.046 + 1.024 × SWV + 1.170 × AST/ALT + 0.011 × 
HA + 0.020 × CⅣ + 0.719 × APRI + 0.379 × FIB-4. 

CONCLUSION
SWV combined with serological indexes can improve the 
accuracy of diagnosis for CHB hepatic fibrosis. Serum 
indexes can help diagnose the degree of hepatic fibrosis.

Key words: Elastography; Serology; Hepatic fibrosis; 
Non-invasive diagnosis

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Hepatic fibrosis affects the physiological fun
ction of the liver. The current assessment method for 
the degree of hepatic fibrosis is still unreliable. This 
study found that the shear wave velocity of ultrasound 
elastography can improve the accuracy of the diag
nosis of hepatic fibrosis. Its combination with serolo
gical indicators (aspartate aminotransferase/alanine 
aminotransferase, hyaluronic acid, type Ⅳ collagen, 
aspartate aminotransferase-to-platelet ratio index and 
fibrosis index based on the 4 factor) can further help in 
the clinical assessment of the degree of hepatic fibrosis.

Xu B, Zhou NM, Cao WT, Li XJ. Evaluation of elastography 
combined with serological indexes for hepatic fibrosis in 
patients with chronic hepatitis B. World J Gastroenterol 2018; 
24(37): 4272-4280  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i37/4272.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i37.4272

INTRODUCTION
Hepatic fibrosis is a pathological change caused by 
chronic liver injury, which in turn affects the physiological 
function of the liver[1-4]. Pathological examination is the 
gold standard for the diagnosis of hepatic fibrosis, which 
enables a definitive diagnosis of hepatic fibrosis[5-8]. 
However, pathological examination mainly relies on 
biopsy. Biopsy is a kind of invasive examination with 
the drawbacks of poor reproducibility and sampling 

errors. Therefore, non-invasive diagnostic methods that 
seek repeatable measurements have presently become 
research hotspots. At present, serological indexes are 
the main clinical methods to assess hepatic fibrosis, 
although the accuracy needs to be improved[9-11]. The 
latest research has shown that ultrasound elastography 
can measure the hardness of liver tissue to determine 
the degree of hepatic fibrosis with features of non-
invasiveness, simplicity, speed and repeatability[12,13]. 
However, its diagnostic accuracy is not high, and the 
accuracy of different studies are different[14,15]. Hence, 
we still need to explore the diagnostic methods of 
hepatic fibrosis, as well as search for a reliable method 
to assess the degree of hepatic fibrosis. The investigators 
therefore collected patients who were admitted to our 
hospital with chronic hepatitis B (CHB) as subjects in the 
present study. Their final pathological results were used 
as a basis for the diagnosis of hepatic fibrosis, and the 
serological indexes and ultrasound elastography data of 
these patients were analyzed. The aim of the present 
study was to search for an optimal method for the 
combined diagnosis of hepatic fibrosis, and establish an 
optimal non-invasive assessment model for the severity 
of hepatic fibrosis.

MATERIALS AND METHODS
Research object
A total of 338 CHB patients were randomly enrolled in our 
hospital from January 2015 to June 2017. Among these 
patients, 200 patients were male and 138 patients were 
female. Inclusion criteria: (1) Patients who underwent 
liver biopsy; and (2) patients who received ultrasound 
elastography and serological detection before the biopsy. 
Exclusion criteria: (1) Patients combined with other types 
of liver disease; (2) patients with severe heart, liver and 
kidney insufficiency, coma, or puncture site infection; 
and (3) patients associated with liver cancer, immune 
system disease, or active bleeding and other diseases. 
These patients were divided into two groups according to 
the presence of hepatic fibrosis via biopsy: disease group 
(patients with hepatic fibrosis) and control group (subjects 
without hepatic fibrosis). The disease group was further 
divided into four subgroups, according to the degree of 
fibrosis: S1, S2, S3 and S4. All patients or their families 
provided a signed informed consent. The present study 
met the requirements of the hospital ethics committee 
and received their approval.

Research methods
Detection of hepatitis B hepatic fibrosis via acoustic 
radiation force impulse: The acoustic radiation force 
impulse (ARFI) test was performed using an ACOUSON 
S2000 Color Ultrasound Scanner (Siemens). (1) The 
patient underwent fasting and was placed in the left lateral 
decubitus position, with the right-hand on the head. Then, 
the right hepatic tissue of the liver was detected; (2) the 
elastic sampling frame was placed perpendicular to the 
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liver surface, and then placed in the liver parenchyma 
at approximately 4 cm away from the probe surface in 
order to avoid the surrounding blood vessels. The patient 
was instructed to hold their breath; and (3) the update 
key was pressed, a high-intensity low-frequency pulse 
wave was launched, the transverse shear wave velocity 
(SWV) was received in m/s, and the value was recorded. 
The measurement was repeated three times, and the 
SWV value was taken as the SWV value of the liver 
parenchyma.

Serological examination: On the next day of admi
ssion, 3 mL of fasting venous blood was collected in 
the morning. Alanine aminotransferase (ALT), aspar
tate transaminase (AST), blood platelet (PLT), total 
bilirubin (TBIL), hyaluronic acid (HA) levels, laminin 
(LN), type Ⅳ collagen (CⅣ), and type Ⅲ procollagen 
(PⅢNP) were measured. Serum ALT, AST, PLT and 
TBIL were detected using an automatic biochemical 
analyzer, while HA, LN, CⅣ and PⅢNP were measured 
by photochemiluminescence. APRI score: the AST and 
platelet (PLT) ratio index (aspartate aminotransferase-
to-platelet ratio index, APRI). APRI = [(AST/ULN) × 
100/PLT (109/L)][16]. FIB-4 index: FIB-4 = (age × AST) 
÷ (platelet ×√ALT).

Liver biopsy: Liver tissue biopsies were simultaneously 
performed with ultrasound elastography and serological 
tests. The subjects were placed in the supine position, 
the preoperative ultrasound was localized, and the liver 
puncture was performed under ultrasound guidance. 
The puncture gun was an automatic biopsy gun obtained 
from Bard Inc. (United States), with a 16 G disposable 

biopsy. The needle biopsy was performed in the ARFI 
sampling frame area. Liver biopsy was conducted with 
routine disinfection, which was covered with a towel, and 
local anesthesia with 5% lidocaine was given to avoid 
the visible pipeline in the liver. A tissue length of 1-2 cm 
was removed. The degree of hepatic fibrosis in patients 
with CHB was determined based on histological staging 
criteria, according to the “Guidelines for the Prevention 
and Treatment of Chronic Hepatitis B (2015 Update 
version)”. In particular, S0 phase refers to patients with 
no fibrosis, the S1 phase refers to patients with enlarged 
fibrosis in the portal area but no fibril septum formation, 
the S2 phase refers to patient with a fibrous enlargement 
in the portal area and minimal fibrillary septae formation, 
the S3 phase refers to patients with the most fibrillary 
septae formed but without hardened nodules, and the S4 
phase refers to patients with cirrhosis (Figure 1).

Statistical analysis
Statistical analysis was performed using SPSS 19.0 and 
MedCalc software. Measurement data were expressed 
as mean ± SD. The t-test was used for comparisons 
between the two groups. The rate of adoption of count 
data was expressed using a Chi-square test to compare 
the two groups. Independent risk factors of fibrotic 
liver were analyzed by multivariate logistic regression 
analysis, while ROC curve analysis was conducted to 
determine the accuracy in the diagnosis of hepatic 
fibrosis. Spearman correlation analysis was used to 
compare the degree of hepatic fibrosis with serological 
markers and elastography. Multiple linear regression was 
used to establish a hepatic fibrosis assessment model 
and determine its degree of fit. P < 0.05 was considered 
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Figure 1  Histopathology of different pathological stages of hepatic fibrosis. S0 phase: No fibrosis; S1 phase: Fibrous enlargement in the portal area, but no 
fibrillary septum formation; S2 phase: Fibrosis enlargement in the portal area, a few fibrous septae formed; S3 stage: Most fibrous septae formed but no hardened 
nodules; S4 stage: Liver cirrhosis.
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disease group. Among the patients in the disease group, 
72 patients were in the S1 phase, 65 patients were in 
the S2 phase, 58 patients were in the S3 phase, and 
50 patients were in the S4 phase. Furthermore, among 
the 245 patients in the disease group, 62 patients had 
mild hepatic fibrosis, 176 patients had moderate hepatic 
fibrosis, and seven patients had severe hepatic fibrosis 
(Figure 2). The serological indexes, such as AST/ALT, 
HA, CⅣ, APRI and FIB-4, were significantly greater in 
the disease group than in the control group, and the 
differences were statistically significant (P < 0.05). 
For the elastography, SWV was significantly greater in 
the disease group than in the control group, and the 
difference was statistically significant (P < 0.05). The 
remaining indicators were similar between the two 
groups, and the difference was not statistically significant 
(P > 0.05) (Table 1).

Multivariate analysis of hepatic fibrosis
Indicators with significant differences (SWV, AST/ALT, 
HA, CⅣ, APRI and FIB-4) were used as independent 
variables. The occurrence of fibrosis was a dependent 
variable, and a multivariate logistic regression analysis 
was conducted. These results revealed that SWV, HA, CⅣ 
and APRI had a significant effect on hepatic fibrosis (P < 
0.05). According to the OR value, the sequence was SWV, 
HA, APRI and CⅣ (Table 2).

Diagnosis of different indicators in hepatic fibrosis
The ROC curve for the diagnosis of hepatic fibrosis by 

statistically significant.

RESULTS
Comparison of clinical data
A total of 338 patients were enrolled in the present study. 
Among these patients, 93 subjects were assigned to the 
control group, while 245 patients were assigned to the 
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Figure 2  Image of hepatic fibrosis assessed by acoustic radiation force impulse to assess liver tissue elasticity. A: Normal liver tissue, SWV = 1.01 m/s; 
B: Mild hepatic fibrosis, SWV = 2.03 m/s; C: Moderate hepatic fibrosis, SWV = 2.97 m/s; D: Severe hepatic fibrosis, SWV = 4.01m/s. ARFI: Acoustic radiation force 
impulse.

Table 1  Comparison of clinical data in the two groups

Hepatic fibrosis group 
(n  = 245)

Control group 
(n  = 93)

t /χ 2 
value

P  value

Sex (male/%) 136/55.51 45/48.39   1.375 0.241
Age   40.31 ± 10.47   37.82 ± 13.72   1.785 0.075
SWV (m/s)   3.02 ± 0.80   1.52 ± 0.62 16.310 0.000
ALT (U/L)   52.23 ± 26.02   46.87 ± 87.45   1.487 0.138
AST (U/L)   41.12 ± 12.72   36.14 ± 14.52   1.607 0.109
AST/ALT   0.93 ± 0.41   0.74 ± 0.23   4.221 0.000
PLT (109/L) 184.02 ± 02.21 192.37 ± 37.42   1.220 0.223
TBIL (μmol/L) 19.83 ± 9.83 18.75 ± 8.72   1.570 0.117
HA (μg/L) 113.24 ± 24.78   63.23 ± 23.54 15.748 0.000
LN (μg/L)   36.21 ± 21.34   34.21 ± 10.28   1.485 0.139
CⅣ (μg/L)   33.28 ± 28.20 20.89 ± 9.56   4.144 0.000
PⅢNP (μg/L)   36.29 ± 29.45 32.87 ± 2.32   1.100 0.272
APRI   0.85 ± 0.61   0.62 ± 0.52   3.219 0.001
FIB-4   1.63 ± 0.89   1.17 ± 0.62   4.578 0.000

SWV: Shear wave velocity; ALT: Alanine aminotransferase; AST: Aspartate 
transaminase; PLT: Blood platelet; TBIL: Total bilirubin; HA: Hyaluronic 
acid; LN: Laminin; CⅣ: Type Ⅳ collagen; PⅢNP: Type Ⅲ procollagen; 
APRI: Aspartate aminotransferase-to-platelet ratio index; FIB-4: Fibrosis 
index based on the 4 factor.
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each index is illustrated in Figure 3. The area under 
the curve (AUC) for hepatic fibrosis diagnosed by SWV 
was the highest (0.873), followed by HA (0.848). The 
remaining AUC rankings were as follows: AST/ALT, APRI, 
FIB-4, and CⅣ (Figure 3). The combined diagnosis 
of SWV and HA with the highest AUC indicated that 
diagnostic accuracy was further improved with an AUC 
of 0.889 (sensitivity: 95.92% and specificity: 72.04%) 
(Table 3 and Figure 4).

Association of serological markers with elastography 
and hepatic fibrosis
Spearman correlation analysis revealed that hepatic 

fibrosis was positively correlated with SWV, AST/ALT, HA, 
CⅣ, APRI and FIB-4 levels. The R values were 0.767, 
0.684, 0.711, 0.681, 0.634 and 0.702, respectively, 
and the difference was statistically significant (all P < 
0.05) (Table 4). The statistically significant indicators 
in the correlation analysis were included in the multiple 
linear regression analysis. The results revealed that 
SWV, AST/ALT, HA, CⅣ, APRI and FIB-4 were selected 
as statistically significant independent factors, and 
the constant analysis was statistically significant. The 
following regression equation was established: degree 
of fibrosis = -4.046 + 1.024 × SWV + 1.170 × AST/ALT 
+ 0.011 × HA + 0.020 × CⅣ + 0.719 × APRI + 0.379 × 
FIB-4 (Table 5).

DISCUSSION
CHB is one of the most common causes of liver-related 
diseases[17-21], which can gradually develop into hepatic 
fibrosis, cirrhosis and liver cancer[22-30]. At present, 
hepatic fibrosis remains a reversible process. Its early 
diagnosis, as well as its timely and effective treatment, 
can delay or avoid the development of irreversible 
cirrhosis stages. Developing an approach to simply and 
correctly evaluate the severity of hepatic fibrosis has 
become a clinical challenge that needs to be solved[31]. 
The literature revealed that liver pathology biopsy is 
the most important diagnostic basis for the diagnosis of 
hepatic fibrosis[32-34]. Although it is the “gold standard” 
for the diagnosis of hepatic fibrosis, it requires immense 
invasiveness and demonstrates poor reproducibility. 
Imaging and serological examination can reflect hepatic 
fibrosis. However, neither of them can be used as an 
independent diagnostic indicator. Elastography has 
been used to measure shear waves in liver tissues by 
ultrasound. The speed of ultrasound propagation is used 
to calculate the hardness of the liver and determine 
the degree of hepatic fibrosis. Changes in serological 
indexes reflect the progression of the disease in 
patients with hepatic fibrosis[35-44]. In this study, in order 
to search for non-invasive methods for the diagnosis 
of hepatic fibrosis, 245 patients with hepatic fibrosis 
and 93 subjects without hepatic fibrosis were used as 
observation subjects. The general data, elastography 
and serological indicators of these subjects were used 
to analyze the feasibility of ultrasound elastography 
combined with serological markers for the diagnosis of 
hepatic fibrosis and the degree of hepatic fibrosis.

The present study first analyzed the clinical data of 
these two groups. The results revealed that SWV, AST/
ALT, HA, CⅣ, APRI and FIB-4 were significantly greater 
in the disease group than in the control group. This 
suggests that SWV, AST/ALT, HA, CⅣ, APRI and FIB-4 are 
the six indicators that can help in the clinical screening 
for patients with hepatic fibrosis, which is consistent with 
previous studies[45-50]. Subsequently, in the present study, 
a multivariate logistic regression analysis was performed 
on these indicators, which showed significant differences. 
These results revealed that SWV, HA, CⅣ and APRI 

Influencing 
factors

B SE Wald OR 95%CI P  value

SWV 0.931 0.325 5.024 2.537 1.342-4.797 0.025
AST/ALT 0.561 0.286 2.765 1.752 0.896-3.069 0.056
HA 0.838 0.127 5.352 2.311 1.802-2.964 0.021
CⅣ 0.466 0.183 4.042 1.593 1.113-2.280 0.046
APRI 0.719 0.312 4.642 2.053 1.114-3.784 0.037
FIB-4 0.433 0.287 2.973 1.542 0.879-2.706 0.063

Table 2  Binary logistic regression analysis of risk factors 
associated with hepatic fibrosis

SWV: Shear wave velocity; ALT: Alanine aminotransferase; AST: Aspartate 
transaminase; HA: Hyaluronic acid; CⅣ: Type Ⅳ collagen; APRI: Aspartate 
aminotransferase-to-platelet ratio index; FIB-4: Fibrosis index based on the 4 
factor.

Table 3  Diagnostic efficacy of various indicators in the 
diagnosis of hepatic fibrosis

Index AUC Best diagnostic point Sensitivity, % Specificity, %

SWV 0.873 1.66 m/s 86.90 88.20
AST/ALT 0.803 0.920 55.90 95.70
HA 0.848 87.79 μg/L 91.00 79.60
CⅣ 0.784 30.36 μg/L 52.70 98.90
APRI 0.789 0.787 57.60 86.00
FIB-4 0.797 1.157 80.00 65.60

SWV: Shear wave velocity; ALT: Alanine aminotransferase; AST: Aspartate 
transaminase; HA: Hyaluronic acid; CⅣ: Type Ⅳ collagen; APRI: Aspartate 
aminotransferase-to-platelet ratio index; FIB-4: Fibrosis index based on the 4 
factor.

Index r P  value

SWV (m/s) 0.767 0.000
HA (μg/L) 0.711 0.000
AST/ALT 0.684 0.000
CⅣ (μg/L) 0.681 0.000
APRI 0.634 0.000
FIB-4 0.702 0.000

Table 4  Correlation between serological data and the degree 
of hepatic fibrosis

SWV: Shear wave velocity; HA: Hyaluronic acid; ALT: Alanine aminotrans
ferase; AST: Aspartate transaminase; CⅣ: Type Ⅳ collagen; APRI: Aspartate 
aminotransferase-to-platelet ratio index; FIB-4: Fibrosis index based on the 4 
factor.
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had a significant effect on the development of hepatic 
fibrosis, suggesting that clinical attention should be given 
to patients with high levels of SWV, HA, CⅣ and APRI. In 
order to further explore the clinical significance of these 
indicators, an ROC curve analysis was performed. Among 
these four indicators, the maximum area under the ROC 
curve for SWV was 0.873, suggesting that SWV may be 
used as an ideal indicator for hepatic fibrosis screening. 
After these indicators were combined, it was noted that 

the accuracy of the diagnosis was further enhanced, 
suggesting that the clinical accuracy of hepatic fibrosis 
can be improved by combining SWV with serological 
indexes.

In order to fully explain the effects of SWV and 
serological indexes on hepatic fibrosis in patients with 
clinical hepatic fibrosis, correlation analyses and multiple 
linear regression analyses were performed. The results 
revealed that the degree of hepatic fibrosis and SWV, 
AST/ALT, HA, CⅣ, APRI and FIB-4 were positively 
correlated. After multiple linear regression analysis, the 
results revealed that SWV, AST/ALT, HA, CⅣ, APRI and 
FIB-4 were independent factors that affected the degree 
of hepatic fibrosis, and these were further established. 
Multiple linear regression equation: Degree of fibrosis 
= -4.046 + 1.024 × SWV + 1.170 × AST/ALT + 0.011 
× HA + 0.020 × CⅣ + 0.719 × APRI + 0.379 × FIB-4. 
A non-invasive clinical tool was provided for assessing 
hepatic fibrosis. The SPSS software can be used in clinic 
to assess the extent of the hepatic fibrosis in a patient by 
entering the above parameters. Although the richness 
degree of data collected in the present study can be 
further improved, the present single-center study was 
not sufficient to fully guarantee the reliability of the study. 
Hence, the equation cannot be used as a clinical tool to 
predict lymph node metastasis. However, this method 
is worthy of further clinical validation and promotion. 
In addition, for serological indexes that can reflect the 
degree of hepatic fibrosis, further review of the literature 
is needed to explore the mechanism of the degree of 
fibrosis of the indicator response. This will allow us to 
obtain a deeper understanding of the significance of 
serological indexes in the diagnosis of hepatic fibrosis.

In summary, SWV can improve the accuracy of 
hepatic fibrosis diagnosis, and overcomes the invasive 
and poor reproducibility shortcomings associated with 
liver biopsy. At the same time, SWV in combination 
with serological indexes can further help in the clinical 
assessment of the extent of hepatic fibrosis in patients.

ARTICLE HIGHLIGHTS 
Research background
Pathological examination is known to be the gold standard for diagnosing 
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Figure 4  Receiver operating characteristic curve for the diagnosis of 
hepatic fibrosis based on different combined indicators.

Non-standardized coefficient Standard coefficient t Sig.

B  value Standard error B  value
Constant -4.046 0.209 - -19.365 0.000
SWV  1.024 0.148 0.2200    6.930 0.000
AST/ALT  1.170 0.190 0.3231    7.861 0.000
HA  0.011 0.005 0.2010    7.126 0.000
CⅣ  0.020 0.003 0.1980    5.749 0.000
APRI  0.719 0.102 0.1880    7.040 0.000
FIB-4  0.379 0.088 0.1490    4.304 0.000

Table 5  Multiple linear regression analysis of the degree of hepatic fibrosis

SWV: Shear wave velocity; ALT: Alanine aminotransferase; AST: Aspartate transaminase; HA: Hyaluronic acid; CⅣ: Type Ⅳ collagen; APRI: Aspartate amino
transferase-to-platelet ratio index; FIB-4: Fibrosis index based on the 4 factor.
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Figure 3  Receiver operating characteristic curve for the diagnosis of 
hepatic fibrosis based on different indicators. APRI: Aspartate amino­
transferase-to-platelet ratio index; AST: Aspartate transaminase; ALT: Alanine 
aminotransferase; CⅣ: Type Ⅳ collagen; FIB-4: Fibrosis index based on the 4 
factor; HA: Hyaluronic acid; SWV: Shear wave velocity.
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liver fibrosis, as it enables a clear diagnosis of liver fibrosis grading. However, 
pathological examination is an invasive examination and cannot be used as a 
screening tool. At present, the degree of liver fibrosis is mainly evaluated by 
serological indicators in the clinic, however the accuracy is relatively low. With 
advances in technology, ultrasound elastography can be used to assess liver 
tissue stiffness, although the accuracy is not high. Therefore, it is necessary to 
explore reliable methods for diagnosing liver fibrosis and assessing the degree 
of liver fibrosis.

Research motivation
The motivation of this study is to find a more suitable method for the combined 
diagnosis of liver fibrosis and to establish an optimal non-invasive model for 
assessing the severity of liver fibrosis. This will provide a reference for non-
invasive screening of liver fibrosis.

Research objectives 
This study enrolled patients with chronic hepatitis B (CHB) as the research 
subjects. The aim of this study is to analyze serum markers and ultrasound 
elastography indicators for diagnosing liver fibrosis and liver fibrosis grading 
based on pathological results.

Research methods
According to the results of liver biopsy, 338 patients with CHB admitted to our 
hospital were divided into a diseased group and control group. The diseased 
group continued to be divided into four groups according to the degree of 
fibrosis. General data, shear wave velocity (SWV), and serological markers 
were compared between the two groups. Further independent risk factors for 
liver fibrosis in patients were analyzed by logistic regression. The accuracy 
of different indicators in diagnosing liver fibrosis was compared by receiver 
operating characteristic (ROC) curves. The correlation between different fiber 
levels and serum indicators or elastography indicators was analyzed. Finally, 
a multivariate linear regression was used to establish a mathematical model 
for assessing the severity of liver fibrosis with elastography combined with 
serological markers.

Research results
SWV, aspartate aminotransferase (AST)/alanine aminotransferase (ALT), 
hyaluronic acid (HA), type-Ⅳ collagen (CⅣ), aspartate aminotransferase-
to-platelet ratio index (APRI) and fibrosis index based on the 4 factor (FIB-4) 
were significantly higher in the disease group than in the control group (P < 
0.05). The multivariate logistic regression analysis results revealed that SWV, 
HA, CⅣ and APRI significantly affected the occurrence of hepatic fibrosis. 
The ROC curve revealed that the accuracy of the diagnosis of hepatic fibrosis 
for SWV and HA were 87.3% and 84.8%, respectively. The accuracy of SWV 
combined with HA was 88.9%. Spearman correlation analysis revealed that 
hepatic fibrosis was positively correlated with SWV, AST/ALT, HA, CⅣ, APRI 
and FIB-4 levels. The R values were 0.767, 0.684, 0.711, 0.681, 0.634 and 
0.702, respectively, and the difference was statistically significant (all P < 0.05). 
The multiple linear regression analysis revealed that SWV, AST/ALT, HA, CⅣ, 
APRI and FIB-4 were screened as statistically significant independent factors. 
The established model was: fibrosis level = -4.046 + 1.024 × SWV + 1.170 × 
AST/ALT + 0.011 × HA + 0.020 × CⅣ + 0.719 × APRI + 0.379 × FIB-4. 

Research conclusions
SWV can non-invasively and effectively diagnose liver fibrosis. SWV combined 
with serological indicators can further improve the accuracy of diagnosing liver 
fibrosis. The multiple linear regression equation established by SWV combined 
with serological indicators is expected to be a non-invasive tool for assessing 
the degree of liver fibrosis.

Research perspectives
This study is a single-center study, and the sample size is limited and 
insufficient to fully guarantee the reliability of the study. Therefore, the equation 
we established cannot be used as an accurate tool for clinical prediction 
of lymph node metastasis, but it is worthy of further clinical validation and 
promotion. In addition, for serological indicators that can reflect the degree of 
liver fibrosis, we can further consult the literature to explore the mechanism of 

the degree of fibrosis. This would help us understand the diagnostic significance 
of serological markers with respect to the degree of liver fibrosis.
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Abstract
AIM
To compare the prevalence of chronic liver disease 
(CLD) risk factors in a representative sample of Mexican-
Americans born in the United States (US) or Mexico, to a 
sample of adults in Mexico.

METHODS
Data for Mexican-Americans in the US were obtained from 
the 1999-2014 National Health and Nutrition Examination 
Survey (NHANES), which includes persons of Mexican 
origin living in the US (n = 4274). The NHANES sample 
was restricted to Mexican-American participants who 
were 20 years and older, born in the US or Mexico, not 
pregnant or breastfeeding, and with medical insurance. 
The data in Mexico were obtained from the 2004-2013 
Health Worker Cohort Study in Cuernavaca, Mexico (n = 
9485). The following known risk factors for liver disease/
cancer were evaluated: elevated aminotransferase 
levels (elevated alanine aminotransferase was defined 
as > 40 IU/L for males and females; elevated aspartate 
aminotransferase was defined as > 40 IU/L for males 
and females), infection with hepatitis B or hepatitis C, 
metabolic syndrome, high total cholesterol, diabetes, 
obesity, abdominal obesity, and heavy alcohol use. The 
main independent variables for this study classified 
individuals by country of residence (i.e. , Mexico vs  the 
US) and place of birth (i.e. , US-born vs  Mexico-born). 
Regression analyses were used to investigate CLD risk 
factors.

RESULTS 
After adjusting for socio-demographic characteristics, 
Mexican-American males were more likely to be obese, 
diabetic, heavy/binge drinkers or have abdominal obesity 
than males in Mexico. The adjusted multivariate results 
for females also indicate that Mexican-American females 
were significantly more likely to be obese, diabetic, be 
heavy/binge drinkers or have abdominal obesity than 
Mexican females. The prevalence ratios and prevalence 
differences mirror the multivariate analysis findings for 
the aforementioned risk factors, showing a greater risk 
among US-born as compared to Mexico-born Mexican-
Americans. 

CONCLUSION 
In this study, Mexican-Americans in the US had more 
risk factors for CLD than their counterparts in Mexico. 
These findings can be used to design and implement 
more effective health promotion policies and programs to 
address the specific factors that put Mexicans at higher 

risk of developing CLD in both countries. 

Key words: Liver disease; Risk factors; Health disparities; 
Mexico; Mexican Americans; Latinos

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: United States (US) Latinos have greater mor
bidity and mortality from liver disease than non-Hispanic 
whites, and liver disease is the fifth leading cause of 
death in Mexico. Known risk factors for chronic liver 
disease include hepatitis B or C infection, heavy/binge 
drinking, obesity, diabetes, and metabolic syndrome. We 
found that Mexican-Americans in the US have a greater 
risk of obesity, diabetes and heavy/binge drinking than 
their counterparts in Mexico. The prevalence of heavy/
binge drinking was alarmingly high among Mexican-
Americans, with over 70% among males and over 50% 
among US-born females. Our results identify a high 
prevalence of specific risk factors that should be targeted 
to reduce the high rates of liver disease-related mortality 
in this population. 

Flores YN, Zhang ZF, Bastani R, Leng M, Crespi CM, Ramírez-
Palacios P, Stevens H, Salmerón J. Risk factors for liver di
sease among adults of Mexican descent in the United States 
and Mexico. World J Gastroenterol 2018; 24(37): 4281-4290  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i37/4281.htm  DOI: http://dx.doi.org/10.3748/wjg.v24.
i37.4281

INTRODUCTION
Over 30 million people, or one in ten, are likely to have 
some form of chronic liver disease (CLD) in the United 
States (US). This number includes the approximately 
850000 to 2.2 million cases of chronic hepatitis B 
(HBV), 3.5 million cases of chronic hepatitis C (HCV)[1], 
the estimated 30% of Americans who have non-
alcoholic fatty liver disease (NAFLD), and the 10% with 
advanced fibrosis[2,3]. Also included are the nearly 20000 
individuals who die from alcoholic liver disease in the US 
each year[4]. In 2017, there were an estimated 40000 
incident cases of liver cancer and 30000 deaths from 
liver cancer[5]. New cases of liver cancer have more 
than tripled since 1980 and liver cancer mortality has 
increased by nearly 3% each year since 2000[5]. CLD is 
the 12th leading cause of general mortality in the US[4], 
the fifth among individuals between 45-54 years, and 
the sixth among 25-44 year olds and those aged 55-64 
years[6].

Latinos in the US have disproportionately higher 
rates of CLD. Since 2002, CLD has consistently been the 
sixth leading cause of mortality for Latinos[7], and the 
third cause of death among Latino males ages 55-64[8]. 
They are twice as likely to have CLD and 1.7 times 
more likely to die from liver cancer than non-Hispanic 
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whites (whites)[9]. The prevalence of earlier stage liver 
disease, such as steatohepatitis, is also higher among 
Latinos (45%) than whites (33%) or blacks (24%)[10]. In 
Mexico, cirrhosis and other forms of CLD were the fourth 
leading cause of general mortality in 2016, and the third 
among males aged 35-65 years[11]. An estimated 3 
million individuals are infected with HBV and 400000 to 
1400000 people are infected with HCV[12]. In 2016, there 
were 38755 deaths due to CLD in Mexico and 14029 
(36%) were attributed to alcoholic liver disease[11]. By 
2050, an estimated 90% of cases of CLD in Mexico 
will be attributable to obesity and excessive alcohol 
consumption, as compared to other populations with 
high rates of CLD due to infection with HBV or HCV[13].

Although infection with HBV or HCV and heavy 
alcohol use are well known risk factors for CLD and 
liver cancer, a significant proportion of cases (15% to 
50%) do not present with these risk factors[14]. Other 
risk factors for CLD include obesity and diabetes, and 
the proposed mechanism is through the development 
of NAFLD and non-alcoholic steatohepatitis (NASH)[15-18]. 
NAFLD is found in up to 80-90% of obese adults, in 
30-50% of patients with diabetes, and in up to 90% of 
patients with hyperlipidemia[19]. In the US, the prevalence 
of NAFLD and NASH is highest among Latinos, followed 
by whites and blacks[10,15,20]. Rates of obesity, diabetes, 
and hyperlipidemia are also higher among Latinos 
than whites in the US[21-23]. In Mexico, over 70% of the 
population is overweight or obese, and this figure is 
predicted to rise to 90% by 2050[24]. Additionally, the 
prevalence of metabolic syndrome is estimated to be 
40%[25], and in 2015, diabetes was the second cause of 
general mortality in Mexico, which has one of the highest 
incidence rates of diabetes in the world[11,26]. 

Alanine aminotransferase (ALT) and aspartate amino
transferase (AST) levels are common clinical measures 
used to assess liver health. Elevated aminotransferase 
levels can indicate sudden or acute liver injury, or they 
can be persistently elevated, suggesting ongoing liver 
disease. The leading cause of mild aminotransferase levels 
is NAFLD, but other common causes include excessive 
alcohol consumption, medication-associated liver injury, 
infection with HVB or HCV, and hemochromatosis[27]. 
While not all individuals with elevated aminotransferase 
levels have liver damage or disease, these measures 
can be used to detect asymptomatic disease[27]. Several 
US studies report a higher prevalence of elevated ALT 
among Mexican-Americans (17.4%) than among whites 
(8.2%)[28-30].

The aim of this study was to compare the prevalence 
of known risk factors for CLD in a representative sample 
of Mexican-Americans, who were born in the US or 
Mexico, to a sample of adults in Mexico. We examined 
data from the 1999-2014 National Health and Nutrition 
Examination Survey (NHANES), which includes persons 
of Mexican origin living in the US, and data from the 
2004-2013 Health Worker Cohort Study (HWCS) in 
Cuernavaca, Mexico. We hypothesized that Mexican-
Americans in the US would have a higher prevalence of 

CLD risk factors than their counterparts in Mexico. This 
hypothesis is based on studies suggesting that immigrant 
Mexican-Americans have better health outcomes than 
more acculturated, US-born Mexican-Americans[31-33]. 
We tested this hypothesis by analyzing the independent 
association between country of residence (i.e., Mexico 
vs the US) and place of birth, sex, and the following risk 
factors for CLD: Elevated ALT or AST levels, infection 
with HBV or HCV, metabolic syndrome, high cholesterol, 
diabetes, obesity, abdominal obesity, and heavy or binge 
drinking, while also controlling for potential confounders.

MATERIALS AND METHODS
Ethical considerations
Ethical approval for the HWCS and this bi-national 
study was granted from the Internal Review Boards of 
the Mexican Social Security Institute (IMSS) and the 
University of California, Los Angeles (UCLA). Informed 
consent was obtained from all the HWCS subjects prior 
to their participation in any study activities.

Data sources
This observational study used existing data from Mexican-
Americans who participated in NHANES, a cross-sectional, 
representative, examination survey of the total civilian 
non-institutionalized population residing in the continental 
US and Hawaii. This continuous survey is conducted by 
the National Center for Health Statistics to assess and 
track the health and nutritional status of Americans over 
time. The survey collects health data through standardized 
questionnaires, physical examinations and a series of 
laboratory tests. The design of NHANES over-samples 
Mexican-Americans to allow for analyses of this subgroup. 
The 1999-2014 NHANES data includes a total of 3929 
male and 4182 female Mexican-Americans, for a total 
sample size of 8111[34].

The data in Mexico came from the HWCS, a longi
tudinal study of workers and their immediate family 
members from two large health care institutions in 
Cuernavaca, Mexico: the IMSS and the National Institute 
of Public Health. Briefly, the HWCS collects information 
using physical examinations, self-reported questionnaires, 
and laboratory tests in order to prospectively evaluate risk 
factors and the incidence of chronic diseases, including 
heart disease, diabetes, and liver disease (CLD). From 
2004 to 2006 (Wave 1), approximately 9000 health 
workers enrolled in the HWCS. During 2011 to 2013 (Wave 
2), a total of 1855 participants were followed-up. Details 
about the design and methods of the HWCS are described 
elsewhere[35]. The clinical and anthropometric procedures 
that were used for the HWCS are comparable to those 
used for the NHANES surveys[36]. 

Study samples in the United States and Mexico
The 1999-2014 NHANES sample was restricted to 
Mexican-American participants who were 20 years 
and older, born in the US or Mexico, and had medical 
insurance. Females who were pregnant at the time of 
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Abdominal obesity: Abdominal obesity was defined as 
a waist circumference > 102 cm for males and a waist 
circumference > 88 cm for females[40].

Alcohol consumption: Heavy drinking was defined as 
two to four drinks per day for females and three to four 
drinks per day for males, and binge drinking was defined 
as having five or more drinks at one time for both males 
and females[41].

Definition of independent variables 

The main independent variables for this study classified 
individuals by country of residence (i.e., Mexico vs the 
US) and place of birth (i.e., US-born vs Mexico-born). 
The HWCS participants represent Mexicans who were 
born and currently live in Mexico. Individuals from the 
NHANES sample were further classified by birthplace 
(US-born vs Mexico-born). The following three groups 
were compared: (1) HWCS (Mexico resident, Mexico-
born), (2) NHANES (US resident, Mexico-born), and (3) 
NHANES (US resident, US-born). Other independent 
variables included age, sex, marital status, and education 
level. Approximately 18% of the subjects in the HWCS 
sample had missing education data, which was imputed 
using a three-step procedure. There were no missing 
data for the other independent variables.

Statistical analysis
Descriptive analyses were performed to characterize 
the study population and examine the study variables. 
Chi-square tests were used to compare the socio-
demographic characteristics of the study sample by 
country of birth/residence, which were stratified by 
sex. Age-adjusted means and prevalence rates were 
calculated for each CLD risk factor, which were stratified 
by sex and country of birth/residence. Separate multiple 
logistic regression models were estimated for males and 
females to evaluate the independent associations of each 
liver disease risk factor to country of birth/residence. 
Adjusted odds ratios with 95% confidence intervals 
(95%CI) are reported. Marginal standardization was 
used to calculate the predicted probability as well as the 
prevalence ratios and prevalence differences with their 
corresponding 95%CIs. This allowed us to compare 
the prevalence of CLD risk factors between the three 
groups. For all analyses, a two-sided P-value < 0.05 was 
considered statistically significant. The data analyses 
were conducted using SAS software, version 9.4 for 
Windows, and STATA 14.

RESULTS
Sample characteristics 
The socio-demographic characteristics of the bi-national 
study sample are presented in Table 1. One third of the 
HWCS participants in Mexico are male, as compared to 
the US NHANES sample, which is 49% male. There are 
no differences between the US and Mexico samples in 

data collection were excluded. The final NHANES sample 
consisted of 2097 males and 2177 females 20 years 
and older with completed questionnaire data. Of these 
individuals, 4075 also underwent physical examinations 
including laboratory studies, and of the individuals with 
laboratory studies, 1775 provided fasting blood samples. 

The HWCS sample was limited to participants 20 
years and older who reside and were born in Mexico, and 
had medical insurance. Of the 10035 participants in the 
HWCS sample with questionnaire and laboratory data, 
193 females were excluded because they were pregnant 
or breastfeeding at the time of the survey. An additional 
48 individuals were excluded because they were not 
born in Mexico, and 309 were excluded because they 
did not report a place of birth. The final HWCS sample 
consisted of 3010 males and 6475 females 20 years 
and older who reside and were born in Mexico, with 
completed questionnaire and laboratory data. The total 
study sample of 13798 individuals consisted of 9485 
Mexican subjects who currently reside in Mexico, 2324 
US-born Mexican-Americans who live in the US, and 
1989 Mexican-Americans who were born in Mexico and 
now live in the US.

Definition of chronic liver disease risk factors
Elevated aminotransferase levels: Elevated ALT was 
defined as > 40 IU/L for males and females; elevated AST 
was defined as > 40 IU/L for males and females[29,30].

Hepatitis B or hepatitis C infection: HBV infection was 
identified by having a positive hepatitis B core antibody 
serology and a positive hepatitis B surface antigen 
serology. We identified an HCV infection by a positive 
antibody titer[36]. Individuals infected with HBV and HCV 
were combined into one category due to their small 
sample sizes. 

Metabolic syndrome: We used the definition of meta­
bolic syndrome from the Third Report of the National 
Cholesterol Education Program’s Adult Treatment Panel Ⅲ 
(NCEP/ATPⅢ) criteria[37].

High Total Cholesterol: Following NCEP/ATPⅢ recom
mendations, high total cholesterol was defined as > 200 
mg/dL for males and females[37].

Diabetes: Type 2 diabetes in males and females was 
defined as having one of the following: a plasma glucose 
level > 125 mg/dL after > 8 h of fasting, a medical history 
of diabetes (other than during pregnancy), currently 
taking medication for diabetes, or a random glucose test 
> 200 mg/dL[38].

Obesity: Subjects were categorized according to body 
mass index (BMI) following the recommendations of the 
National Heart, Lung and Blood Institute: Normal (BMI 
18.5-24.9 kg/m2), overweight (BMI 25.0-29.9 kg/m2), 
and obese (BMI ≥ 30.0 kg/m2)[39].
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terms of age or marital status. Approximately half the 
total sample is between 20 to 44 years, nearly 30% is 45 
to 59 years, and roughly 20% is 60 years or older. Most 
of the study subjects are married/living together (65%), 
almost 20% are never married/single, and the rest are 
divorced/separated/widowed. There are no differences 
in the levels of education observed between the HWCS 
participants in Mexico and the Mexican-Americans 
who were born in the US. Approximately half of the 
participants in both groups have an education beyond 
high school and less than a third did not finish high 
school. The only significant difference observed between 
the two samples is that over 60% of the Mexico-born 
NHANES participants did not graduate from high school, 
compared to 29% of the participants in Mexico. 

Chronic liver disease risk factors 
Table 2 reports the age-adjusted means and prevalence 
of CLD risk factors for males and females by country of 
birth/residence. Elevated ALT levels are more common 
among males (22%-27%) than females (8%-10%), 
with a mean ALT ranging from 35-36 IU/L among males 
and 23-25 IU/L among females. There are no differences 
in mean AST levels among males (range 28-30 IU/L), 
but a significantly higher mean AST is observed among 
the Mexico-born (23.6 IU/L) and US-born (25.9 IU/L) 
females, as compared to the mean AST of 22.2 IU/L 
found among females in Mexico. The prevalence of 
diabetes, obesity, abdominal obesity, and heavy/binge 
drinking is higher among the NHANES participants than 
among the HWCS subjects. Conversely, more HWCS 
participants are current smokers and have lower levels of 
HDL cholesterol and elevated triglycerides compared with 
their NHANES counterparts. 

Mexican-American males born in Mexico have a lower 
rate of HBV or HCV infection (0.4%) than either US-born 
Mexican-Americans (3.0%) or the HWCS participants 
(2.6%). A greater proportion of Mexico-born Mexican-
American males have high cholesterol (49%) compared 

with males in Mexico (40%) and US-born Mexican-
Americans (39%). Males in Mexico are more likely to 
have elevated triglycerides (57.5%) compared with 
Mexico-born (35.4%) and US-born Mexican-Americans 
(41%). The prevalence of diabetes is significantly lower 
among males in Mexico (6%) when compared with the 
11% and 16% rates among the Mexico- and US-born 
NHANES participants, respectively. The proportion of 
obese males in Mexico is 17%, compared to 30% and 
45% among Mexico- and US-born males in the US, 
respectively. Males in Mexico have a lower prevalence 
of abdominal obesity (16%) than Mexico- and US-born 
Mexican-American males (36% and 49%, respectively), 
with mean waist circumferences of 91.4 cm, 98.7 cm and 
103.1 cm, respectively. Heavy or binge drinking is more 
common among the Mexico- and US-born Mexican-
American males (75% and 71%, respectively) compared 
with their counterparts in Mexico (38%). 

Rates of HBV or HCV infection are lower among 
Mexico-born and US-born Mexican-American females 
(0.3% and 0.8%, respectively) when compared to 
females in Mexico (1.7%). A lower percentage of females 
in Mexico have high cholesterol (36%) compared to the 
Mexico-born (40.5%) and US-born (40.2%) Mexican-
American females. US-born females in the US are 
less likely to have elevated triglycerides (23.8%) than 
Mexico-born females (31.9%) and females living in 
Mexico (34.5%). The prevalence of diabetes among 
the females in the Mexican sample is 7%, compared to 
14% and 11% among Mexico- and US-born Mexican-
American females, respectively. Obesity rates are also 
lower among females in Mexico than among Mexican-
American females (19% vs 39% and 47%, respectively). 
Abdominal obesity among females in Mexico is 48%, 
compared to a prevalence of 68% among their Mexican-
American counterparts. Rates of heavy or binge drinking 
are substantially higher among Mexican-American 
females born in Mexico or the US (34% and 54%, res
pectively), as compared to females in Mexico (10%) 

Male P  value1 Female P  value1

Mexico cohort 
(REF)

NHANES 
Mexico born

NHANES 
US born

Mexico 
born

US 
born

Mexico cohort 
(REF)

NHANES 
Mexico born

NHANES 
US born

Mexico 
born

US 
born

Total sample sizes 3010 (58.9) 1021 (20.0) 1076 (21.1) 0.925 0.897 6475 (68.3) 944 (10.9) 1233 (14.3) 0.923 0.845
Age (yr)
20-44 1680 (55.8)   380 (58.6)   377 (59.8) 3357 (51.8) 356 (55.5)   460 (56.9)
45-59   951 (31.6)   239 (25.6)   222 (22.7) 2031 (31.4) 196 (24.3)   256 (23.4)
60+   379 (12.6)   402 (15.9)   477 (17.5) 1087 (16.8) 392 (20.2)   517 (19.8)
Marital status 0.074 0.804 0.088 0.423
Never married/single   458 (15.2)   73 (9.8)   162 (22.4) 1489 (23.0)   81 (10.0)   169 (19.5)
Married/living together 2390 (79.4) 843 (83.)   746 (65.2) 3701 (57.2) 580 (67.8)   697 (57.3)
Divorced/separated/widowed 162 (5.4) 105 (6.6)   167 (12.4) 1285 (19.8) 283 (22.2)   367 (23.2)
Education 
Less than high school   706 (23.5)   724 (61.7)   381 (24.8) 0.000 0.463 2073 (32.0) 660 (61.3)   436 (24.8) 0.002 0.705
High school graduate   574 (19.1)   136 (17.6)   246 (26.2) 1121 (17.3) 108 (14.6)   279 (23.6)
More than high school 1730 (57.5)   160 (20.7)   447 (48.9) 3281 (50.7) 173 (24.1)   513 (51.5)

Table 1  Socio-demographic characteristics of the study sample n  (%)

1The Chi square test was used to determine differences between groups.
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(Table 2).

Multivariate analyses and other effect measures
After controlling for age, marital status, and education 
level, the logistic regression results indicate that Mexico-
born Mexican-American males are less likely to have HBV 
or HCV (OR: 0.2, 95%CI: 0.1-0.6), but are more likely 
to have high cholesterol (OR: 1.4, 95%CI: 1.1-1.8) than 
their counterparts in Mexico. US-born Mexican-American 
males are more likely to have metabolic syndrome (OR: 
1.4, 95%CI: 1.1-1.9) and diabetes (OR: 3.0, 95%CI: 
1.9-4.8) than males in Mexico. Regardless of where they 
were born, Mexican-American males are more likely to 
be obese, diabetic, have abdominal obesity, or be heavy/
binge drinkers than Mexican males. The prevalence 
ratios and predicted probabilities confirm the results of 
our multivariate analyses and may provide more precise 
estimates of the increased risk of diabetes, obesity, 
abdominal obesity, and heavy/binge drinking observed 
among Mexican-American males, as compared with 
males in Mexico. The probability of having any of the 
aforementioned risk factors is significantly greater among 
US-born Mexican-Americans than among their Mexico-
born counterparts (Table 3).

The adjusted multivariate results presented in Table 
4 also indicate that Mexico-born Mexican-American 
females are significantly more likely to be diabetic (OR: 

2.2, 95%CI: 1.4-3.4), obese (OR: 2.5, 95%CI: 1.8-3.5), 
have abdominal obesity (OR: 2.1, 95%CI: 1.2-3.6), 
or be heavy/binge drinkers (OR: 5.6, 95%CI: 4.2-7.3) 
than females in Mexico. The same is true for US-born 
Mexican-American females, who are also more likely to 
be diabetic (OR: 1.7, 95%CI: 1.2-2.6), obese (OR: 3.5, 
95%CI: 2.5-4.9), have abdominal obesity (OR: 2.3, 
95%CI: 1.4-3.8), or be heavy/binge drinkers (OR: 12.8, 
95%CI: 10.0-16.3) than their counterparts in Mexico. 
The prevalence ratios and predicted probabilities mirror 
the multivariate analysis findings for the aforementioned 
risk factors, showing a greater risk among US-born as 
compared to Mexico-born Mexican-American females. 
However, the prevalence ratios indicate that Mexican-
American females are significantly less likely to be infected 
with HBV or HCV than females in Mexico (Table 4).

Supplemental Tables 1 and 2 report the odds ratios 
and 95% confidence intervals for CLD risk factors among 
males and females, respectively, by country of birth/
residence, age, marital status and education.

DISCUSSION
This epidemiological study is the first to compare the risk 
factors for CLD in a cohort of Mexican health workers with 
nationally representative samples of US- and Mexico-born 
Mexican-Americans living in the US. The findings of our 

Male Female
Mexico cohort 

(REF)
NHANES Ⅶ 
Mexico-born

NHANES Ⅶ 
US-born

Mexico cohort 
(REF)

NHANES Ⅶ 
Mexico-born

NHANES Ⅶ 
US-born

Elevated ALT ( > 40 IU/L)1, %   26.7  22.1   25.2     8.7     8.3   10.2
ALT (IU/L), mean   35.9  35.0   36.0   23.0   23.7   25.3a

Elevated AST ( > 40 IU/L)2, %   11.2    8.4   12.2     5.2     4.6     5.2
AST (IU/L), mean   27.9  30.1   29.5   22.2   23.6a   25.9b

Hepatitis B or C, %     2.6     0.4b     3.0     1.7     0.3b     0.8a

Metabolic syndrome3, %   27.5 23.5   33.4   30.8   28.6   27.6
Elevated total cholesterol (mg/dL)4, %   39.8   48.8b   39.1   36.0   40.5a   40.2a

Total cholesterol (mg/dL), mean 193.6 199.1a 192.7 189.6 193.1a 193.6a

Low HDL cholesterol (HDL < 40)5, %   62.9   35.4b   27.7b   50.1   14.1b   12.0b

HDL cholesterol (mg/dL), mean   37.6   45.1b   46.7b   40.7   52.7b   55.1b

LDL cholesterol (mg/dL), mean 116.5 124.1b 117.2 115.2 110.9   11.5a

Elevated triglycerides6 (mg/dL), %   57.5   35.4b   41.0b   34.5   31.9   23.8b

Triglycerides (mg/dL), mean 202.4 150.0b 173.9a 143.5 132.0a 123.8b

Diabetic7, %     6.3   11.0a   16.1b     6.9   14.4b   11.0a

Overweight (BMI ≥ 25)8, %   48.1  46.3   37.3b   37.2   31.1a   26.7b

Obesity (BMI ≥ 30)9, %   17.1   30.0b   45.0b   19.2   39.2b   46.6b

BMI (kg/m2), mean   26.7   28.3b   30.1b   26.4   29.0b   30.2b

Abdominal obesity10, %   15.8   36.0b   49.0b   48.3   68.3b   67.9b

Waist circumference (cm), mean   91.4   98.7a 103.1b   88.5   94.7b   97.2b

Heavy or binge drinker11, %   38.0   75.1b   71.3b     9.6   33.8b   54.0b

Current smoker12, %   36.9   21.6b   21.9b   20.8     8.2b   14.2b

Table 2  Age-adjusted means and prevalence of chronic liver disease risk factors

1Elevated alanine aminotransferase (ALT) was defined as ALT > 40 IU/L for males and females; 2Elevated alanine aminotransferase (AST) was defined as 
AST > 40 IU/L for males and females; 3Metabolic syndrome was defined base on the Third Report of the National Cholesterol Education Program’s Adult 
Treatment Panel Ⅲ criteria; 4Elevated total cholesterol was defined as ≥ 200 mg/dL; 5Low High Density Lipoprotein-Cholesterol (HDL-C) was defined as 
< 40 mg/dL; 6Elevated triglycerides was defined as ≥ 150 mg/dL; 7Diabetes was defined as having a plasma glucose level > 125 mg/dL after a more than 
8 h fast, and/or a medical history of diabetes, and/or currently taking medication for diabetes, and/or a random glucose test >200 mg/dL; 8Overweight 
was defined as having a body mass index (BMI) of ≥ 25.0 kg/m2; 9Obesity was defined as having a BMI of ≥ 30.0 kg/m2; 10Abdominal obesity was defined 
as having a waist circumference > 102 cm for males, and a waist circumference > 88 cm for females; 11Heavy drinking was defined as two to four drinks per 
day for females and three to four drinks per day for males, and binge drinking was defined as having five or more drinks at one time for both males and 
females; 12Current cigarette smoking was defined as having smoked at least 100 cigarettes and being a current smoker. aP value ≤ 0.05; bP value ≤ 0.001.
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bi-national study indicate that the HWCS participants in 
Mexico have fewer CLD risk factors than their counterparts 
in the US. Specifically, we found that Mexican-American 
males who were born in the US are more likely to be 
infected with HBV or HCV, have metabolic syndrome, dia
betes, obesity, abdominal obesity, or being heavy/binge 
drinkers when compared to immigrant Mexican-American 
males or their counterparts in Mexico. Similar trends 
are observed among females, with US-born Mexican-
American females having a greater probability of having 
elevated AST, obesity, abdominal obesity and heavy/binge 
drinking. Mexican-American females who were born in 
Mexico are more likely to have elevated total cholesterol 
or diabetes when compared to those born in the US or the 
HWCS participants in Mexico. 

Our results are consistent with other studies that 
report high rates of obesity, diabetes, and excessive 
alcohol consumption among Mexicans in both coun
tries[29,33,42-44]. The high prevalence of obesity (30%-47%), 
diabetes (11%-16%), as well as heavy/binge drinking 
(34%-75%) we found among Mexican-Americans 
in this binational study are of particular concern, and 
are likely contributing to the liver disease disparities 
observed among Latinos in the US. Additionally, having 
a combination of certain factors, such as obesity and 
excessive drinking, or diabetes and HCV, has been 

shown to increase the risk of elevated aminotransferase 
levels and liver cancer[45,46]. More studies are needed to 
evaluate how the accumulation of specific risk factors 
may be contributing to the increased risk of CLD among 
Mexican-Americans. 

Latinos are the largest ethnic or racial minority in 
the US. In 2016, an estimated 57.5 million Americans 
identified as Hispanic or Latino, representing 17.8% of 
the US population[47]. By 2060, the number of Latinos 
is projected to increase to 119 million and make up 
29% of the US population. Mexican-Americans are the 
largest group of Latinos in the US (63%)[47]. Identifying 
ways to prevent CLD in this rapidly growing population 
is very important. As the Mexican-American population 
continues to grow, the challenges to address the high 
rates of CLD in this group will also increase. A keener 
awareness and deeper understanding of CLD risk factors 
is needed to help policy makers anticipate how chan
ges in immigration policy, coupled with health trends in 
Mexico, are likely to affect the health and health care 
needs of the growing number of Mexican-Americans in 
the US. We hope our findings can be used to develop 
health policy strategies and programs to prevent CLD by 
addressing the specific risk factors that affect Mexicans in 
both countries.

This study has some limitations. First, unlike NHANES, 

Elevated ALT 
or AST1

Hepatitis B or 
C

Metabolic 
syndrome2

High 
cholesterol

Diabetes3 Obesity4 Abdominal 
obesity5

Heavy/binge 
drinker6

Odds ratios
HWCS (Mexico)   1.0 1.0   1.0   1.0   1.0   1.0   1.0   1.0
NHANES- Mexico-
born

0.8 (0.5-1.2)  0.2 (0.1-0.6)a 0.8 (0.6-1.1)  1.4 (1.1-1.8)a 1.7 (1.0‑2.8) 2.1 (1.7-2.6)a 3.3 (1.8-6.2)a 3.9 (3.2-4.7)a

NHANES- US-born 0.9 (0.6-1.4) 1.3 (0.7-2.4)  1.4 (1.1‑1.9)a 0.9 (0.7-1.2)  3.0 (1.9-4.8)a 3.9 (3.1-4.9)a   5.4 (2.9-10.1)a 4.1 (3.4-5.1)a

Predicted 
probabilities
HWCS (Mexico) 25.0 2.4 30.2 40.9   8.5 17.4 16.8 36.4
NHANES- Mexico-
born

20.8 0.5 25.8 49.3 13.0 30.6 39.3 67.1

NHANES- US-born 24.0 3.2 38.0 39.6 20.4 44.7 51.1 68.5
Prevalence ratios 
(95%CI)
NHANES- Mexico-
born vs HWCS

0.8 (0.6, 1.1)  0.2 (0.0, 0.4)a 0.9 (0.7, 1.1)  1.2 (1.0, 1.4)a 1.5 (0.9, 2.2)a 1.8 (1.5, 2.0)a 2.3 (1.2, 3.5)a 1.8 (1.7, 2.0)a

NHANES- US-born 
vs HWCS

1.0 (0.7, 1.3) 1.3 (0.6, 2.0)  1.3 (1.0, 1.5)a 1.0 (0.8, 1.1) 2.4 (1.5, 3.3)a 2.6 (2.2, 2.9)a 3.0 (1.6, 4.5)a 1.9 (1.7, 2.0)a

Prevalence 
differences (95%CI)
NHANES- Mexico-
born vs HWCS

 -4.2 (-11.5, 3.1)   -1.9 (-3.0, -0.9)a  -4.3 (-10.4, 1.7)   8.5 (2.4, 14.5)a 4.5 (0.0, 8.9)a 13.2 (9.0, 17.4)a   22.6 (13.2, 32.0)a   30.7 (26.4, 35.0)a

NHANES- US-born 
vs HWCS

 -1.0 (-8.5, 6.5)  0.7 (-0.8, 2.3)   7.8 (1.4, 14.2)a -1.3 (-6.9, 4.3) 11.8 (7.2, 16.5)a  27.3 (22.1, 32.4)a   34.4 (25.3, 43.5)a  32.1 (28.2, 36.0)a

Table 3  Effect measures comparing prevalence of risk factors among males by country of residence/birth

Logistic regression models adjusted for age, marital status and education. Predicted probabilities, prevalence ratios and prevalence differences were 
produced using marginal standardization. 1Elevated alanine aminotransferase (ALT) and elevated alanine aminotransferase (AST) were defined as > 40 
IU/L; 2Metabolic syndrome was defined base on the Third Report of the National Cholesterol Education Program’s Adult Treatment Panel Ⅲ criteria; 
3Diabetes was defined as having a plasma glucose level > 125 mg/dL after a more than 8 h fast, a medical history of diabetes, currently taking medication 
for diabetes, and/or a random glucose test > 200 mg/dL; 4Obesity was defined as having a body mass index (BMI) of ≥ 30.0 kg/m2; 5Abdominal obesity 
was defined as having a waist circumference > 102 cm for males, and a waist circumference > 88 cm for females; 6Heavy drinking was defined as two to 
four drinks per day for females and three to four drinks per day for males, and binge drinking was defined as having five or more drinks at one time for 
both males and females. aP< 0.05 for testing the null hypothesis of no difference between groups.
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the HWCS is not a population-based study that is re
presentative of the Mexican population. The HWCS 
participants are health workers who are younger, more 
educated, and predominantly female. However, to the best 
of our knowledge, the HWCS is the only longitudinal study 
in Mexico that includes ALT and AST measures as well as 
HBV and HCV results for a large number of Mexican adults, 
which is why we used the HWCS data for this binational 
study. In order to address this limitation, we compared 
some of the HWCS results to the findings of the 2012 
Encuesta Nacional de Salud y Nutrición (ENSANUT)[48], a 
larger, population-based study that is representative of 
the Mexican population and can be considered a simplified 
version of NHANES. The prevalence of diabetes reported 
in the 2012 ENSANUT was 9.2%[48], while the prevalence 
of diabetes among the HWCS was 6.7%. Obesity was also 
higher among the male (26.8%) and female (37.5%) 
ENSANUT participants[48], as compared to the HWCS 
participants. The prevalence of heavy/binge drinking 
(42%) was also more common among the ENSANUT 
participants[48]. Nonetheless, even when compared to the 
ENSANUT results, the prevalence of these risk factors 
remains greater among the Mexican-Americans from the 
NHANES sample. Due to the limited generalizability of our 
study’s results, they should be viewed as exploratory and 
preliminary.

Another limitation was our ability to control for con

founding variables in the comparisons between Mexico 
and the US. To address this issue, all analyses were 
stratified by sex and controlled for age, marital status, 
and educational level in the regression analyses. We 
also limited the US sample to individuals with health 
insurance, since all the HWCS participants have health 
insurance. Our ability to control for potential confounders 
was restricted by the available data, and it is therefore 
possible that other unobserved differences between the 
two samples may be confounding our results.

In conclusion, the results of this bi-national study 
indicate that Mexican-Americans in the US have more risk 
factors for CLD than their counterparts in Mexico, and point 
to a critical need for prevention programs. Of particular 
concern are the high rates of heavy/binge drinking 
observed among Mexican-Americans. We hope these 
findings can be used by health professionals in Mexico and 
the US to tailor screening and prevention strategies to help 
reduce the risk of CLD among their patients. Our results 
could also be used to design and implement more effective 
health promotion programs to address the specific factors 
that put Mexicans at higher risk for developing CLD 
in both countries. These findings add to the relatively 
scarce literature on bi-national research, and provide 
preliminary data for future studies of migrant health in the 
US and Mexico. Other bi-national primary data collection 
projects with representative samples and comparable 

Elevated ALT 
or AST1

Hepatitis B or 
C

Metabolic 
syndrome2

High 
cholesterol

Diabetes3 Obesity4 Abdominal 
obesity5

Heavy/binge 
drinker6

Odds ratios
HWCS (Mexico)   1.0 1.0   1.0   1.0   1.0   1.0   1.0   1.0
NHANES- Mexico-
born

0.8 (0.5, 1.1) 0.3 (0.1, 1.8) 0.7 (0.5, 1.1) 1.2 (1.0, 1.5) 2.2 (1.4, 3.4)a 2.5 (1.8, 3.5)a 2.1 (1.2, 3.6)a 5.6 (4.2, 7.3)a

NHANES- US-born 1.0 (0.8, 1.3) 0.4 (0.2, 1.1) 0.8 (0.6, 1.2) 1.1 (0.9, 1.4) 1.7 (1.2, 2.6)a 3.5 (2.5, 4.9)a 2.3 (1.4, 3.8)a 12.8 (10.0, 16.3)a

Predicted 
probabilities
HWCS (Mexico) 10.2 2.2 34.9 41.2   8.3 20.0 51.1   8.4
NHANES- Mexico-
born

  8.2 0.7 28.8 45.8 15.4 38.4 67.8 32.1

NHANES- US-born 10.6 1.0 31.2 43.3 12.9 46.3 69.6 50.3
Prevalence ratios 
(95%CI)
NHANES- Mexico-
born vs HWCS

0.8 (0.5, 2.1)  0.3 (0.0, 0.9)a 0.8 (0.6, 1.0) 1.1 (1.0, 1.2) 1.9 (1.2, 2.5)a 1.9 (1.4, 2.4)a 1.3 (1.0, 1.6)a 3.8 (3.0, 4.6)a

NHANES- US-born 
vs HWCS

1.0 (0.8, 1.2)  0.4 (0.0, 0.8)a 0.9 (0.7, 1.1) 1.1 (0.9, 1.2) 1.6 (1.1, 2.1)a 2.3 (1.7, 2.9)a 1.4 (1.0, 1.7)a 6.0 (4.9, 7.1)a

Prevalence 
differences (95%CI)
NHANES- Mexico-
born vs HWCS

-2.1 (-4.7, 0.6)  -1.5 (-2.8, -0.2)a  -6.1 (-13.0, 0.8)  4.6 (-0.7, 9.8)   7.1 (1.8, 12.4)a   18.4 (12.5, 24.3)a 16.8 (4.6, 29.0)a   23.7 (19.4, 28.0)a

NHANES- US-born 
vs HWCS

 0.3 (-1.7, 2.3) -1.2 (-2.7, 0.0)  -3.7 (-10.2, 2.7)  2.2 (-2.9, 7.3) 4.7 (1.3, 8.0)a   26.2 (20.5, 31.9)a 18.5 (6.5, 30.6)a   41.9 (38.0, 45.9)a

Table 4  Effect measures comparing prevalence of risk factors among females by country of residence/birth

Logistic regression models adjusted for age, marital status and education. Predicted probabilities, prevalence ratios and prevalence differences were 
produced using marginal standardization. 1Elevated alanine aminotransferase (ALT) and elevated alanine aminotransferase (AST) were defined as > 40 
IU/L; 2Metabolic syndrome was defined base on the Third Report of the National Cholesterol Education Program’s Adult Treatment Panel Ⅲ criteria; 
3Diabetes was defined as having a plasma glucose level > 125 mg/dL after a more than 8 h fast, a medical history of diabetes, currently taking medication 
for diabetes, and/or a random glucose test > 200 mg/dL; 4Obesity was defined as having a body mass index (BMI) of ≥ 30.0 kg/m2; 5Abdominal obesity 
was defined as having a waist circumference > 102 cm for males, and a waist circumference > 88 cm for females; 6Heavy drinking was defined as two to 
four drinks per day for females and three to four drinks per day for males, and binge drinking was defined as having five or more drinks at one time for 
both males and females. aP < 0.05 for testing the null hypothesis of no difference between groups.
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demographic, socioeconomic and health status measures 
are needed to further investigate the growing problem of 
CLD among Mexicans in both countries. The results of this 
bi-national analysis indicate that Mexican-Americans in the 
US have more risk factors for CLD than their counterparts 
in Mexico. These results can be used to design and 
implement more effective health promotion programs and 
policies to address the specific factors that put Mexicans 
at higher risk of developing CLD in both countries. Our 
findings add to the relatively scarce literature on bi-
national research, and provide preliminary data for 
future studies of migrant health in the US and Mexico. 
Other bi-national primary data collection projects with 
representative samples and comparable demographic, 
socioeconomic and health status measures are needed 
to further investigate the growing problem of CLD among 
Mexicans in both countries. 

ARTICLE HIGHLIGHTS 
Research background
United States (US) Latinos have greater morbidity and mortality from liver 
disease than non-Hispanic whites. Liver disease is the fifth leading cause of 
death in Mexico. In the US, Mexican-Americans have a greater risk of obesity, 
diabetes and heavy/binge drinking than in Mexico.

Research motivation
Over 30 million people are likely to have some form of chronic liver disease 
(CLD) in the US. CLD is the 12th leading cause of general mortality in the US.

Research objectives 
To compare the prevalence of CLD risk factors in a representative sample of 
Mexican-Americans, born in the US or Mexico, to a sample of adults in Mexico.

Research methods
The main independent variables for this study classified individuals by country 
of residence and place of birth. Regression analyses were used to investigate 
CLD risk factors.

Research results
There is a greater risk among US-born vs Mexico-born Mexican-Americans.

Research conclusions
Mexican-Americans in the US had more risk factors for CLD.

Research perspectives
Our findings add to the relatively scarce literature on bi-national research, 
providing preliminary data for future studies of migrant health in the US and 
Mexico. Other bi-national primary data collection projects with representative 
samples and comparable demographic, socioeconomic and health status 
measures are needed to further investigate the growing problem of CLD among 
Mexicans in both countries.
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Abstract
A male patient underwent conventional transcatheter 
chemoembolization for advanced recurrent hepato
cellular carcinoma (HCC). Even after the injection of 7 
mL of lipiodol followed by gelatin sponge particles, the 
flow of feeding arteries did not slow down. A repeat 
angiography revealed a newly developed vascular lake 
draining into systemic veins; however, embolization 
was continued without taking noticing of the vascular 
lake. The patient’s level of consciousness deteriorated 
immediately after the procedure, and non-contrast 
computed tomography revealed pulmonary and cerebral 
lipiodol embolisms. The patient’s level of consciousness 
gradually improved after 8 wk in intensive care. In this 
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case, a vascular lake emerged during chemoembolization 
and drained into systemic veins, offering a pathway 
carrying lipiodol to pulmonary vessels, the most likely 
cause of this serious complication. We should be aware 
that vascular lakes in HCC may drain into systemic veins 
and can cause intratumoral arteriovenous shunts.

Key words: Transcatheter arterial chemoembolization; 
Arteriovenous shunt; Hepatocellular carcinoma; Vascular 
lake; Cerebral embolism

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Vascular lakes that resemble extravasation 
within hepatocellular carcinomas occasionally emerge 
during chemoembolization. To date, the drainage routes 
from vascular lakes are not well understood. We present 
a patient with a recurrent large hepatocellular carcinoma 
in which a vascular lake emerged during conventional 
chemoembolization, draining into systemic veins and 
causing pulmonary and cerebral lipiodol embolism.

Ishimaru H, Morikawa M, Sakugawa T, Sakamoto I, Motoyoshi 
Y, Ikebe Y, Uetani M. Cerebral lipiodol embolism related to 
a vascular lake during chemoembolization in hepatocellular 
carcinoma: A case report and review of the literature. World J 
Gastroenterol 2018; 24(37): 4291-4296  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v24/i37/4291.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v24.i37.4291

INTRODUCTION
Transcatheter arterial chemoembolization (TACE) is 
utilized worldwide for the treatment of patients with 
unresectable hepatocellular carcinoma (HCC). Although 
various complications of TACE have been reported[1], 
cerebral lipiodol embolism (CLE) after TACE is very rare. 
To our knowledge, 27 cases have been reported in the 
English literature, and possible pathways for carrying 
lipiodol from HCCs to systemic arteries have been hypo­
thesized[2-18]. This is the first report of CLE, in which the 
vascular lake phenomenon emerged during the TACE 
procedure and caused an intratumoral arteriovenous 
shunt, playing the most important role in its occurrence. 
We also discussed the mechanism of CLE and technical 
considerations to avoid this serious complication. We also 
provided a review of the literature.

CASE REPORT
A 63-year-old man with a large recurrent HCC replacing 
most of the lateral segment of the liver and expanding 
to the left diaphragm was admitted to our hospital for 
a second TACE. He had a history of type-B cirrhosis 
for 3 years. Eight months prior to admission, he had 
undergone TACE for the same lesion via the left hepatic 
artery (LHA), and the postprocedural course was 

uneventful. Laboratory tests before second TACE revealed 
a serum total bilirubin level of 1.4 mg/dL, serum albumin 
level of 3.0 mg/dL, and prothrombin activity level of 
81%. Neither ascites nor hepatic encephalopathy were 
found, which corresponded to Child-Pugh class A. The 
α-fetoprotein level was 900 ng/mL. At angiography, the 
large HCC was supplied by the LHA and the left inferior 
phrenic artery (LIPA) (Figure 1A) without an apparent 
arteriovenous (AV) shunt. For arterial redistribution to 
convert multiple feeding arteries into a single arterial 
supply, distal branches of the LIPA supplying HCC were 
embolized initially. To avoid migration of embolic materials 
into pulmonary vessels, the LIPA was embolized with 0.6 
mL of a 33% mixture of n-butyl cyanoacrylate (Histoacryl; 
B. Braun, Melsungen, Germany) and lipiodol (Lipiodol; 
Terumo Corporation, Tokyo, Japan) (Figure 1B). 
Subsequently, we infused 140 mg of miriplatin (Miripla; 
Dainippon Sumitomo Pharma, Osaka, Japan) suspended 
in 7 mL of lipiodol via the LHA (Figure 2A). This was 
followed by the injection of 1-mm-diameter gelatin 
sponge particles (Gelpart; Nippon Kayaku Co. Ltd., Tokyo, 
Japan). However, the flow of the LHA did not slow down. 
A repeated left hepatic angiography showed contrast 
material pooling associated with an aberrant intratumoral 
space newly developed during embolization, called the 
“vascular lake phenomenon” (Figure 2B). Late-phase 
imaging revealed that the pericardiacophrenic vein was 
the draining vein (Figure 2C), which was not recognized 
at the time of the procedure but rather retrospectively 
after remasking and pixel shifting were performed. 
Epirubicin (10 mg) (Farmorubicin; Kyowa Hakko, Tokyo, 
Japan) emulsified in 9 mL of lipiodol was additionally 
infused into the LHA, followed by the injection of a 2-mm 
block gelatin sponge (Spongel; Astellas, Tokyo, Japan) 
until the flow slowed down. Immediately after TACE, the 
patient became drowsy and disoriented. Unenhanced 
CT of the brain obtained 30 minutes after the procedure 
revealed multiple lesions of increased attenuation in the 
cerebral cortex, basal ganglia, thalami and cerebellum 
(Figure 3). Simultaneously, a CT of the chest revealed 
hyperattenuation at both lung bases (Figure 4). The 
patient’s oxygen saturation was 88%, indicating hypoxia. 
The patient was monitored in our intensive care unit 
on mechanical ventilator support. Echocardiography 
revealed no atrial septal defect or other intracardiac 
shunts. The patient’s level of consciousness gradually 
improved, but his limb weakness persisted. He was 
discharged 8 wk later requiring the use of a wheelchair 
and assistance to eat meals.

DISCUSSION
TACE has been widely accepted as an effective therapy 
for HCC. Lipiodol is the most common embolic material 
used in TACE; it is usually mixed with anticancer drugs 
dissolved in non-ionic contrast medium. Lipiodol can 
enter the microcirculation of the tumor and flow into 
the surrounding portal vein, which is the main drainage 
route from the hypervascular HCC[19]. However, lipiodol 
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can reportedly flow into systemic circulation, causing 
pulmonary embolism and, rarely, cerebral embolism. 
We found 27 reports of CLE following TACE in 17 English 
studies (Table 1). To reach the cerebral arteries, lipiodol 
must pass through two pathways, one from the tumor 
to the pulmonary artery (PA) and the other from the 
pulmonary artery to the left atrium (LA). Lipiodol accu­
mulation in the lung was identified simultaneously in 17 of 
27 previously reported cases[2-4,6,8-10,14,16,18]. 

Localized pooling of the contrast medium emerges 
occasionally during chemoembolization using drug 
eluting beads (DEB-TACE), resembling extravasation 
within the tumor. This angiographic finding is known as 
the vascular lake phenomenon (VLP). As we reported 
herein, this phenomenon may also appear during chemo­
embolization using lipiodol, although it is difficult to 
distinguish a vascular lake from lipiodol accumulating in 
the tumor by fluoroscopy. Concerning the etiology of VLP 
during chemoembolization, Seki et al[20] speculated that 
rapid occlusion of most of the tumor vessels increased 
the pressure inside the fragile tumor microvasculature, 
causing disruption of the tumor architecture and a new 
blood space. VLP is thought to indicate a good local 
response in HCC patients undergoing DEB-TACE[20,21]. 
Nevertheless, the drainage routes from vascular lakes are 
unknown. To the best of our knowledge, this is the first 
report observing a vascular lake draining into systemic 
veins, resulting in an intratumoral AV shunt and affording 
lipiodol pathways to pulmonary vessels.

Intratumoral AV shunts can be the pathway to pul­
monary vessels[5,7,10], and this was confirmed by angio­
graphy in only one CLE case[10]. On hepatic arteriography, 
the incidence of intratumoral AV shunts was reported to 
be 2.4%[22]. According to one study using technetium-
99-m-labeled macroaggregated albumin[23], lung shunt 
fractions exceeding 10% were identified in 50 of 125 
HCC patients (40%). The study also reported a direct 
correlation between angiographic tumor vascularity and 
lung shunt fractions[23]. The particles of lipiodol emulsion 
were less than 30 μm in size[24], within the range of 
the size of technetium-99-m-labeled macroaggregated 
albumin (10-60 μm in size). Lipiodol redistribution in 
the lungs may be more frequent than that previously 
thought.

TACE via IPA frequently results in pulmonary comp­
lications due to the existence of an AV shunt between 
the IPA and PA[25]. Some authors speculated that com­
munication between the IPA and pulmonary vessels via 
adhesive pleurae or tumor invasion is the most likely 
pathway from the tumor to the PA[4,6]. In the present 
case, we performed IPA embolization using glue under 
DSA guidance, and the glue fragment never flowed into 
the pulmonary vessels.

In most previously reported cases of CLE, including 
the case described herein, a large dose of lipiodol was 
infused (Table 1). Cerebral and pulmonary lipiodol em­
bolisms have been reported in patients receiving more 
than 20 mL of iodized oil after TACE of HCC[4,6,16,18]. 
According to Kishi et al[26], when lipiodol was infused 
into the dog’s hepatic artery, the amount of lipiodol oil 
deposition in the lungs was proportional to the lipiodol 
dose infused. They also found lipiodol deposits in the 
brain and pancreas[26]. These findings suggested a dose-
dependent circulation of oil droplets via hepatic sinusoids 
to pulmonary capillaries and then into the systemic 
circulation. It was suggested that the lipiodol dose 
should not exceed 15-20 mL to prevent the risk of an 
extrahepatic embolism[4,6]. Nevertheless, in 7 previous 
cases, CLE occurred when the lipiodol dose was < 15 
mL[2,5,7,14,18]. The required lipiodol dose was determined 
by multiple factors, including the blood supply to the 
tumor, tumor size, catheter position and liver function 
reserve. When lipiodol goes through an intratumoral 
AV shunt, the dose of lipiodol required to accomplish 
HCC flow stasis increases. If there had not been an 
intratumoral AV shunt in the presented case, we could 
have accomplished flow stoppage with a lower dose of 
lipiodol.

CLE is thought to be associated with intrapulmo­
nary or intracardiac shunts[4,7,10,16]. Evidence of an 
underlying intracardiac right-to-left shunt was proven 
by transesophageal echocardiogram in one previous 
case[7]; however, the pathway from the PA to the LA was 
not verified in most previously reported cases of CLE, 
including the present case. Wu et al[9] speculated that 
an intra-pulmonary arteriovenous shunt might appear 
during pulmonary lipiodol embolization due to increasing 
pulmonary artery pressure or hypoxia. Wu et al[10] 
added that communication between the systemic and 
pulmonary vessels might develop via adhesive pleurae 
or tumor invasion of the diaphragm, leading to a right-
to-left shunt. In a case report of delayed CLE, Wu et 
al[8] concluded that the rapid flow of the feeding artery 
washed out the lipiodol, and the lipiodol deposited in the 
lungs was washed out again upon entering the systemic 
circulation. Since it has been verified that fat globules < 7 
μm in diameter can pass directly through the pulmonary 
arteriolar network[2], lipiodol can enter the systemic 
circulation in the absence of a right-to-left shunt to cause 
cerebrovascular complications.

In summary, we presented a case in which a vas­
cular lake draining into systemic veins caused a lipiodol 
cerebral embolism. As intratumoral AV shunts via vas­
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A B

Figure 1  Angiography. A: Selective angiography of the left inferior phrenic 
artery shows feeding of the anterior part of the tumor without a shunt to the 
pulmonary vasculature; B: Angiography during glue embolization shows no 
influx into the pulmonary vasculature.
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because the pathways from the PA to the LA cannot be 
blocked regardless of the mechanism by which they are 
developed.

ARTICLE HIGHLIGHTS
Case characteristics
A 63-year-old man with a large hepatocellular carcinoma underwent 
transcatheter arterial chemoembolization (TACE), but his level of consciousness 
deteriorated immediately after the procedure.

Clinical diagnosis
CT scan of the brain revealed multiple lesions of increased attenuation, and 
cerebral lipiodol embolism (CLE) was confirmed.

Differential diagnosis
There is no differential diagnosis.

Laboratory diagnosis
No specific finding was obtained by laboratory testing.

Imaging diagnosis
An angiography during TACE procedure revealed a newly developed vascular 
lake draining into systemic veins, which offered a pathway carrying lipiodol to 
pulmonary vessels and was the most likely cause of this serious complication.

Pathological diagnosis
No pathological examination was performed. 

Treatment
The patient was treated in our intensive care unit.

Related reports
This is the first report of CLE, in which vascular lake phenomenon emerging 
during the procedure caused intratumoral arteriovenous shunt and played the 
most important role for its occurrence.

Term explanation 
The term CLE describes cerebral lipiodol embolism.

Experiences and lessons
Arteriovenous shunt via vascular lake may develop during chemoembolization, 
repeated angiography during TACE procedures should be performed to prevent 

cular lakes may develop during chemoembolization, we 
recommend performing repeated angiography during 
TACE procedures, especially when obtaining a decreased 
blood flow is difficult. When an intratumoral AV shunt is 
identified by angiography, embolization of the feeding 
artery using coils or glue should be considered instead of 
an additional injection of lipiodol or embolic particles. We 
should try to prevent lipiodol accumulation in the lungs 

A B C

Figure 2  Infused 140 mg of miriplatin suspended in 7 mL of lipiodol via the left hepatic artery. A: Left hepatic angiography shows a large hypervascular tumor 
in the left hepatic lobe and intrahepatic metastases neighborhood without an intratumoral AV shunt; B: Repeated left hepatic angiography shows a vascular lake in 
the superior portion of the tumor (arrow) that developed after chemoembolization; C: Venous phase shows drainage into the pericardiacophrenic vein (arrow heads), 
which was unrecognized until remasking and pixel shifting were performed. AV: Arteriovenous.

Figure 3  Non-contrast brain computed tomography scan obtained 30 min 
after chemoembolization shows multiple increased attenuated lesions in 
the bilateral cerebral hemisphere, consistent with lipiodol embolism.

Figure 4  Chest computed tomography scan obtained 30 min after 
chemoembolization shows lipiodol deposition at both lung bases.
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CLE, especially when it is difficult to obtain a decrease of blood flow.
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