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Abstract
Pancreatic ductal adenocarcinoma (PDAC) represents the 
fourth cause of death in cancer and has a 5-year survival 
of < 5%. Only about 15% of the patients present with 
a resectable PDAC with potential to undergo “curative” 
surgery. After surgery, local and systemic recurrence, is 
though very common. The median survival of resected 
patients with adjuvant chemotherapy after surgery is 
only 20-23 mo. This underscores the significant need 
to improve PDAC management strategies. Increased 

survival rate is dependent on new breakthroughs in 
our understanding of not at least tumor biology. The 
aim of this review is to update and comment on recent 
knowledge concerning PDAC biology and new diagnostics 
and treatment modalities. One fundamental approach to 
improve survival rates is by earlier and improved diagnosis 
of the disease. In recent years, novel blood-based 
biomarkers have emerged based on genetic, epigenetic 
and protein changes in PDAC with very promising results. 
For biomarkers to enter clinical practice they need to 
have been developed using adequate control groups and 
provide high sensitivity and specificity and by this identify 
patients at risk already in a pre-symptomatic stage. 
Another way to improve outcomes, is by employing 
neoadjuvant treatments thereby increasing the number 
of resectable cases. Novel systemic treatment regimes 
like FOLFIRINOX and nab-paclitaxel have demonstrated 
improvements in prolonging survival in advanced cases, 
but long-term survival is still scarce. The future improved 
understanding of PDAC biology will inevitably render new 
treatment options directed against both the cancer cells 
and the surrounding microenvironment.

Key words: Pancreatic cancer; Diagnosis; Genetics; 
Epigenetics; Proteomics; Surgery; Prognostic models; 
Chemotherapy; Stroma

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This review updates the current progress in 
the management of pancreatic cancer with focus on 
novel modes of diagnosis and treatment. New blood-
based biomarkers for early detection based on genetic, 
epigenetic and protein changes in pancreatic cancer 
are discussed and new treatment strategies such as 
stromal depletion are highlighted. Pancreatic cancer is 
a systemic disease already at diagnosis and demands 
multimodal managements strategies in order to 
improve outcomes.

EDITORIAL
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INTRODUCTION
Pancreatic cancer is a devastating disease. The 
estimated number of deaths attributed to the disease 
is over 266000 worldwide every year[1]. It represents 
the fourth cause of death in cancer but may, by the 
time of 2030, have moved to the second place if 
no significant treatment advances are made[2]. The 
overall 5-year survival rate is < 5% and a majority 
of patients presents with inoperable and non-curable 
tumors. Pancreatic cancer refers to adenocarcinoma 
arising from the ductal epithelium in the exocrine part 
of the gland. Pancreatic ductal adenocarcinoma (PDAC) 
accounts for about 90% and is the form mainly add-
ressed in this review.

Much effort has focused to find evidence for cau-
sative risk factors but reasonably few are widely 
established. Tobacco smoking, obesity, longstanding 
diabetes, family history of PDAC and chronic pancreatitis 
are risk factors[3]. Overweight (BMI > 25) during adult 
life is associated with increased risk and earlier onset 
of the disease[4]. Diabetes mellitus has recently been 
presented as an independent risk factor and increased 
risk associated with disease duration, although 
metformin reduces this risk[5]. Still this connection is 
somewhat complicated since studies have reported 
that diabetes might be an early indication of underlying 
PDAC[6]. Several studies have also provided evidence for 
the connection between chronic pancreatitis and PDAC. 
This usually occurs with a delay of one or two decades 
between the chronic pancreatitis and PDAC[7].

Lack of early biomarkers together with the silent 
nature of the disease, consequently rendering diagnosis 
in late, unresectable stages, contributes to the high death 
rate (Figure 1). To make progress and improve long-term 
survival, advances in several areas such as biomarkers 
for early diagnosis, optimized surgical strategies, and 
new types of systemic therapy are required (Figure 2). 
This review aims to update and comment on recent 
knowledge concerning PDAC management. PDAC is a 
complex disease with different clinical and pathological 
phenotypes and hence requires multiple modes of 
intervention to control disease progression.

PATHOPHYSIOLOGY
In 1976 it was suggested that ductal papillary hyper-
plasia, atypia and carcinoma in situ morphologically 
appear as precursor lesions. This was based on 
examinations of histological samples from 227 cases of 
human PDAC[8]. Numerous studies have since observed 

and graded histological tissue of these lesions, called 
pancreatic intraepithelial neoplasia (PanIN) and provided 
confirmation for a common pathogenesis with similar 
profiles and progress leading to PDAC[9]. Transformation 
from a dysplastic epithelium to dysplasia and ultimately 
invasive carcinoma is parallel with the accumulation 
of mutations[10]. There have been focused efforts to 
genetically map out PanINs and to discover collective 
mutations in order to find clinical useful biomarkers. 
Commonly found mutations include activation of KRAS 
oncogene, inactivation of tumor suppressor genes 
CDKN2A/INK4A, TP53 and SMAD4[11].

KRAS mutation is a critical event and is the most 
frequently found oncogene in PDAC[12]. This mutation 
induces degradation of the tumor suppressor protein 
p53-SNAIL complex and is present in a higher degree 
in more advanced stages of PanIN[13]. KRAS has been 
considered for diagnostic purposes, but has a lack 
in both sensitivity and specificity[14]. The inactivation 
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of CDKN2A results in loss of the p16 protein, a cell 
cycle regulator which generates increased cellular 
proliferation[10]. This mutation occurs in PDAC, but is 
also seen in several other malignancies. Abnormal 
TP53 adds genomic instability by permitting cells to 
bypass DNA checkpoints and this way avoid apoptotic 
signals. This mutation occurs in approximately 
50%-75% of PDAC[10]. Tumor suppressor gene SMAD4 
is mutated in about 55% of PDAC[15]. SMAD4 occurs 
in various cancers but with a higher sensitivity and 
specificity in PDAC. It often appears in late stages and 
loss of SMAD4 expression correlates with a poorer 
prognosis and potential metastasis[16]. However 
almost all PDAC contain one of these four mentioned 
mutations[17].

The stroma, a hallmark for PDAC, is the structural 
framework surrounding the tumor. The PDAC cells 
interact with the stromal cells in order to create a 
unique microenvironment to facilitate tumor progression 
by promoting tumor growth, local hypoxia and pre-
venting the effects of chemotherapy[18]. Signals to 
stromal cells, from PDAC cells, modify the structure of 
the extracellular matrix (ECM) composed of collagens, 
noncollagen glycoproteins, glycosaminoglycans, growth 
factors and proteoglycans. These signals (mostly 
being proinflammatory) increase the recruitment of 
inflammatory cells, but also stimulate proliferation of 
fibroblasts, specifically pancreatic stellate cells (PSCs)[19]. 
PSCs contribute to the excess fibrosis formation around 
the tumor and promote tumor progression[20]. PSCs 
seem to facilitate immune evasion, chemoresistance 
and the recurrence of PDAC, as verified both by in vitro 
and in vivo studies[21].

SERUM CARBOHYDRATE ANTIGEN 19-9
Currently, carbohydrate antigen 19-9 (CA19-9) is the 
only biomarker used in the routine management of 
PDAC. CA19-9 is a sialylated Lewis blood group antigen 
that can be quantitatively measured in serum, but its 
use is limited to monitoring response to therapy, not 
as a diagnostic marker. The sensitivity and specificity 
of CA19-9 is about 80% for PDAC diagnosis[22]. CA19-9 
is elevated in benign conditions, such as cholestasis 
and chronic pancreatitis, which hampers its specificity 
for PDAC. Moreover, approximately 5%-10% of the 
population do not express Lewis antigens. Thus, there 
is great interest in identifying and developing new 
markers for PDAC to help detect early stage PDAC and 
its precursors. The development of useful biomarkers 
requires well-designed studies that evaluate marker 
performance in the appropriate clinical setting where 
the marker will be required. Because blood is more 
accessible and less invasive to achieve than tissue, the 
optimal screening strategy for PDAC will likely involve 
the development of highly accurate and inexpensive 
blood biomarkers, followed by a second-level, imaging-
based test to confirm a positive biomarker result. The 
recent developments in the detection of biomarkers, 

such as point mutations, DNA methylation patterns, 
microRNAs (miR), and proteins in blood from patients 
with PDAC, have opened up new avenues of research 
for the early diagnosis and treatment of this lethal 
disease.

EARLY DETECTION
Detecting resectable disease is the first step in the 
fight against PDAC[23]. Biomarkers that could increase 
the proportion of patients that are candidates for 
surgery could potentially improve survival rates. Of 
the entire PDAC cohort, only 10%-15% have localized 
disease. According to the American Cancer Society[24], 
the 5-year survival is 24% for resectable PDAC, 9% 
for locally advanced PDAC, and 2% for metastatic 
PDAC. However, the 5-year survival rate in resectable 
PDAC is about 50% in tumors < 2 cm and close to 
100% in tumors < 1 cm[25], indicating that even earlier 
detection can improve survival. A recent study[26] 
modeled the benefits of early diagnosis of PDAC using 
a blood-based biomarker signature. It was found that 
the cost-effectiveness depended on the incidence of 
PDAC within the population and that certain high-risk 
groups, such as familial cases and new-onset diabetes 
mellitus, could be screened at an acceptable cost for 
the society.

Genetic and epigenetic markers
The genetic alterations occurring during PDAC de-
velopment have been extensively studied. A com-
prehensive genetic analysis of 24 PDAC found an 
average of 63 genetic alterations, the majority of 
which are point mutations[27]. Mathematical analyses 
of tumor DNA sequence data suggest a broad time 
window of opportunity for early detection to prevent 
deaths from metastatic PDAC[28]. One recent study 
showed that mutations in KRAS and TP53 can be 
detected using genomic DNA from exosomes derived 
from serum from patients with PDAC, providing a 
novel diagnostic tool for PDAC[29].

PDAC is an epigenetic disease in addition to being 
a genetic disease. Epigenetic biomarkers, such as 
DNA methylation and microRNAs, may be utilized for 
diagnosis of PDAC. One study identified two novel 
genes, BNC1 and ADAMTS1, that showed a high 
frequency of methylation in PDAC, up to 100% in 
PanIN-3 and 97% in stage Ⅰ invasive cancers[30]. These 
alterations could be detected in serum samples from 
patients with PDAC. The sensitivity was 79% for BNC1 
and 48% for ADAMTS1, whereas specificity was 89% 
for BNC1 and 92% for ADAMTS1. Overall sensitivity 
using both markers was 81% and specificity was 85% 
for PDAC diagnosis. MicroRNAs are small non-coding 
RNA molecules, about 22 nucleotides, that regulate 
stability and translation of messenger RNAs. One 
study investigated differences in microRNA expression 
in whole blood between patients with PDAC, chronic 
pancreatitis, and healthy participants[31]. A total of 38 
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microRNAs were significantly dysregulated in patients 
with PDAC as compared to controls. Two diagnostic 
panels were constructed comprising 4 microRNAs 
in index Ⅰ (miR-145, miR-150, miR-223, miR-636) 
and 10 in index Ⅱ (miR-26b, miR-34a, miR-122, 
miR-126*, miR-145, miR-150, miR-223, miR-505, 
miR-636, miR-885.5p). The performance of the panels 
was validated in patients with stage ⅠA-ⅡB PDAC, 
with an index Ⅰ area under the curve (AUC) of 0.80; 
index Ⅰ and CA19-9 AUC of 0.83; index Ⅱ AUC of 0.91; 
and index Ⅱ and CA19-9 AUC of 0.91.

Protein markers
Proteomics is defined as the large-scale study of 
proteins, particularly their abundances, functions, 
structures, and interacting partners. In the field of 
proteomics, antibody-based technologies and mass 
spectrometry are the most common techniques 
used for biomarker discovery. One study used a 
recombinant antibody microarray platform, targeting 
mainly immunoregulatory proteins, in sera from 
patients with resectable PDAC, chronic pancreatitis, 
autoimmune pancreatitis, and healthy controls[32]. The 
results identified serum portraits distinguishing PDAC 
from chronic pancreatitis (AUC: 0.86), autoimmune 
pancreatitis (AUC: 0.99) and healthy controls (AUC: 
0.95). A 25-serum biomarker signature discriminating 
PDAC from the combined group of chronic pancreatitis, 
autoimmune pancreatitis, and healthy controls was 
determined that had a high diagnostic yield with an AUC 
of 0.88. Another study applied protein deep sequencing 
using high-definition mass spectrometry (HDMSE) to 
serum samples from patients with resectable PDAC, 
benign pancreatic disease, and healthy controls[33]. 
A global protein expression comparison of the three 
study groups was made using label-free quantification 
and bioinformatic analyses. More than 71000 features 
were detected within the data revealing 715 unique 
proteins. Two-way unsupervised hierarchical clustering 
identified 134 proteins that successfully classified PDAC 
patients from the controls, and found 40 proteins that 
showed a significant up-regulation in the PDAC group. 
This discrimination reliability was further confirmed by 
principal component analysis. Disease link associations 
could be made for BAZ2A, CDK13, DAPK1, DST, 
EXOSC3, INHBE, KAT2B, KIF20B, SMC1B, and SPAG5, 
by pathway network linkages to TP53, the most 
frequently altered tumor suppressor in PDAC.

CHALLENGES IN BIOMARKER 
TRANSLATION
PDAC is generally diagnosed when the disease is at 
an advanced stage. As a consequence, the majority of 
samples available for biomarker discovery come from 
patients with advanced disease. One potential solution 
is to take advantage of prospective cohort studies, 
such as European Prospective Investigation into Cancer 

and Nutrition. In such cohorts, the performance of the 
biomarkers in the months or even years prior to PDAC 
diagnosis can be evaluated. Obstructive jaundice is a 
common complication of PDAC, but few studies include 
patients with benign causes of obstructive jaundice 
in their evaluation of tumor markers. Furthermore, 
many candidate markers of PDAC have been found 
to clearly distinguish PDAC from healthy controls but 
fail to distinguish them from chronic pancreatitis. This 
may be due to the fact that there is an inflammatory 
component in PDAC and several markers may be 
shared by both conditions. These observations suggest 
that choice of adequate controls is important identify 
the most cancer-specific biomarkers.

TREATMENT OF RESECTABLE PDAC
Surgical resection with radical intent remains the 
only potential curative treatment option today. PDAC 
is staged according to the tumor-node-metastasis 
classification, which categorizes patients into 3 
stages: resectable, locally advanced, and metastatic 
disease[34]. Contrast-enhanced computed tomographyis 
an established method for staging and provides around 
80% accuracy concerning resectability[35]. Magnetic 
resonance imaging, and endoscopic ultrasound are 
valuable modalities if diagnostic difficulties persist 
after[36]. Tumor size, vascular involvement, age and 
comorbidity are to be considered in the preoperative 
staging and decision to proceed with surgical re-
section[37]. A pancreatoduodenectomy (Whipple), distal 
pancreatectomy or a total pancreatectomy is usually 
performed, depending on tumor location and type. 
The hospital mortality rate following surgical resection 
may be below 2%, while overall morbidity remains 
up to 60%[38]. Complications include delayed gastric 
emptying, wound infections, abdominal abscess, and 
not at least pancreatic fistulas where grades B and C 
are most problematic[39-41]. It should be emphasized 
that an uncomplicated postoperative course is asso-
ciated with a better long-term survival[42]. With regard 
to endocrine status, progression of disease has a 
greater impact than the surgical intervention, and 
diabetes mellitus (especially new-onset) may often be 
resolved by resection of the pancreatic tumor[43,44].

Surgical results tend to correlate strongly with 
both institutional and surgical volumes. Several 
studies have demonstrated significantly decreased 
mortality and morbidity at high volume centers[38,45,46]. 
This association also applies to long-term survival 
even after corrected perioperative mortality[47]. This 
association between hospital volume and improved 
results is believed to be multifactorial. One suggested 
explanation is more experienced medical staff with 
ability to detect and treat complications at an earlier 
stage, which may improve the outcome[47]. Superior 
surgical performance due to higher operation fre-
quency may improve both short- and long-term 
outcome. Since the treatment is multimodal and also 
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includes adjuvant therapy, the oncologists are likely 
to improve their results with increased experience as 
well. Following the implementation of centralization, 
the 2-year survival among resected patients has 
increased with over 10% and is considered a great 
way to improve surgical outcome[46].

The fast-track (FT) concept is a standardized 
and coordinated perioperative protocol to handle 
surgical patients. This method intends to reduce 
surgical stress, accelerate postoperative recovery and 
improve safety[48]. Several studies have displayed 
the effect of implementation of the FT concept in 
pancreaticoduodenectomy[49-51]. It evidently correlates 
with early recovery and reduces morbidities, such as 
delayed gastric emptying[52]. The length of hospital stay 
will also be significantly shortened by 2-6 d[49]. The FT 
concept is also beneficial from an economical point of 
view with reduced hospital costs as demonstrated by 
Kennedy et al[49].

Adjuvant chemotherapy is recommended after 
pancreatic resection for PDAC based on several ran-
domized controlled trials, including GITSG[53], ESPAC-1[54], 
ESPAC-3[55], RTOG-9704[56] and CONKO-001[57]. 
Whether neoadjuvant therapy is superior to adjuvant 
therapy for PDAC is controversial. The proposed 
upside of neoadjuvant therapy is early treatment of 
micrometastases, potential downstaging of borderline 
resectable tumors, decreasing the percentage of 
positive lymph nodes, enhanced chemotherapeutic 
penetrance due to improved vascularization and a 
higher percentage of accomplished R0 resections[58,59]. 
It has also been hypothesized that patients receiving 
neoadjuvant treatment stand a better chance of 
completing the full multimodal treatment[58]. Another 
suggested advantage is the selection and the ability to 
exclude patients developing progressing and metastatic 
disease, thus avoiding unnecessary surgery[60]. A 
neoadjuvant treatment requires histological confirmation 
and this might further increase the detection of patients 
unlikely to benefit from resection[59,61]. Neoadjuvant 
therapy is associated with delayed resection, and thus 
theoretically a possible risk of tumor progression[62]. 
Previous studies have concluded gemcitabine with 
radiotherapy as the most effective neoadjuvant 
treatment with the best effect on overall survival[58,63]. 
A population based study between 1987-2006 demon-
strated a 12 mo survival advantage and lower rate 
of lymph node positivity between neoadjuvant and 
adjuvant treatment[59]. Still a recent meta-analysis 
did not conclude a significant effect on overall survival 
among resectable patients after receiving neoadjuvant or 
adjuvant treatments approaches. However, there was a 
small though not statistically significant effect on survival 
benefits for neoadjuvant as compared to adjuvant 
treatment[62]. Thus, with better chemotherapy (see e.g., 
below) there might be a case for neoadjuvant treatment 
future on.

Lymph node involvement and resection margin 
status (R0/R1) remain important prognostic factors 

after surgical resection for PDAC[64,65]. Artificial neural 
networks (ANNs) represent a non-linear pattern 
recognition technique that simulates the analytic 
learning processes of the human brain. Thus, adapting 
to changing environment through continuous learning 
via trial and error, ANN is supplied with information 
from various sources to detect complicated patterns. 
The benefit of ANNs is to automatically detect 
relationships between “inputs” to the network and 
the “output” by integrating all possible connections 
between the input variables[66]. One study displayed 
ANN as a tool in prediction of survival after surgical 
resection[67]. This was achieved by including clinical 
risk factors in order to create a survival model. The 
C-index of ANN was 0.79 compared to Cox regression 
0.67 thus, indicating ANNs superior predictive ability. 
Biomarkers, if available, should also be taken into 
consideration for prognostic prediction. Unfortunately, 
there are no validated biomarkers to predict the 
clinical course[68]. In the future, however promising 
investigational biomarkers may be incorporated into 
ANNs in order to improve prognostic performance and 
help inform clinical decision-making.

TREATMENT OF UNRESECTABLE PDAC
Most PDAC patients present with locally advanced 
or metastatic disease and are consequently not 
suitable for surgery. Single therapy with gemcitabine 
has generally been regarded as first-line therapy for 
advanced PDAC over the almost two last decades[69]. 
Numerous patients do not respond to gemcitabine 
therapy due to chemoresistance[70]. The variation 
in chemoresistance between individuals is partly 
attributed the human equilibrative nucleoside trans-
porter-1 (hENT-1)[71]. This transporter is responsible 
for the intracellular uptake of gemcitabine and studies 
have demonstrated a relationship between longer 
median survival and high levels of hENT-1[72,73]. Clinical 
data have revealed that a majority of patients do not 
have a high hENT-1 expression and thus an expected 
decreased response to gemcitabine treatment[70]. To 
determine expression of hENT-1 and individualize 
gemcitabine treatment strategies could be both cost 
efficient and avoid unnecessary treatment, but needs 
further investigations and ethical considerations[74].

Few combinations of gemcitabine with other 
cytotoxic agents have yet provided any significantly 
prolonged overall survival rates[75,76]. Gemcitabine 
treatment combinations also often involved more toxic 
effects compared with gemcitabine administration as 
monotherapy[76]. FOLFIRINOX (i.e., a combination of 
oxaliplatin, irinotecan, fluorouracil, and leucovorin) has 
been proved to prolong both survival (from 6.8 mo with 
gemcitabine alone to 11.1 mo with FOLFIRINOX) and 
progression free time (3.4 to 6.4 mo) for metastatic 
patients with good performance status (ECOG 0-1). 
This treatment does, however, also carry significantly 
more adverse effects and is only applicable in a 
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selected group of patients.
Another interesting treatment regime is albumin-

bound paclitaxel (nab-paclitaxel) in combination with 
gemcitabine. Preclinical studies have showed synergistic 
effects and increased chemotherapeutic levels in the 
tumor[77]. SPARC has affinity for albumin, and could thus 
theoretically facilitate delivery of paclitaxel to the tumor 
stroma. The stroma is thereby broken down (stromal 
depletion) and tumor cells close in on each other with 
resulting increased tumor vascularity[78]. Conversely, 
a study in mice reported that SPARC deficiency did 
not alter levels of paclitaxel in the tumors[79]. However, 
recently published data from a phase 3 study reported 
improved survival, in patients with advanced PDAC 
treated with gemcitabine and nab-paclitaxel, compared 
to gemcitabine as a single therapy[80]. The toxicity 
profile includes neutropenia and neuropathy, but is 
not worse when compared to gemcitabine treatment 
alone. Consequently, nab-paclitaxel has become a 
therapeutic agent with potential to be part of future 
PDAC treatments[81].

Secreted protein acidic and rich in cysteine (SPARC) 
or osteonectin is a calcium-binding glycoprotein 
frequently expressed by stromal cells surrounding the 
tumor. The biological role of SPARC involves cell-to-
matrix interactions, including cell migration and tissue 
remodeling, mainly in tissues with high ECM turnover. 
SPARC is tumor-specific and could act as a tumor 
suppressor, but also have preinvasive characteristics 
that possibly increase efficiency of chemotherapy[82]. 
High SPARC expression, as in the pancreatic tumor 
stroma, has emerged as a clinical and prognostic 
factor for PDAC[83,84]. Other strategies to target the 
tumor stroma involve reverting the activated PSC to its 
quiescent state. It has been found that PSCs express 
high levels of the vitamin D and that treatment with 
calcipotriol, a vitamin receptor D ligand, depletes 
the stroma and increases intratumoral delivery of 
gemcitabine in mouse models of PDAC[85]. Other 
therapies aiming to target and block the interaction 
between tumor cells and PSCs are also being tested, 
hopefully further improving the poor prognosis of 
PDAC[19]. These studies provide novel approaches for 
targeting the pancreatic tumor stroma and suggest 
that stromal depletion could become the mainstay of 
PDAC therapy in the future.

CONCLUSION
Many new genetic, epigenetic, and proteomic tumor 
markers are under investigation for the non-invasive 
diagnosis of early-stage PDAC. For a cost-effective 
diagnostic test, screening should be applied in high-
risk individuals and the test must have high sensitivity 
and specificity. The use of adequate controls is 
mandatory during discovery and validation steps in 
the biomarker development phase. Future biomarkers 
need to identify patients already in a pre-symptomatic 
stage. There are strong data that centralization of 

surgical services improves outcomes after PDAC 
surgery. Principles for the fast-track concept are now 
well recognized as both safe and applying best possible 
available evidence-based and structured care. The 
benefits of neoadjuvant treatment strategies warrant 
further investigation before being fully implemented. 
ESPAC-5, an ongoing study with comparisons between 
immediate surgical explorations to neoadjuvant 
therapy, will hopefully further determine the potential 
role of neoadjuvant therapy. Increased understanding 
of the stromal compartment of PDAC, both in terms 
of tumor progression and as a defense barrier against 
innate immunity and chemotherapy, will be of outmost 
relevance for the development of future treatments. 
Even though improved diagnostics and neoadjuvant/
preoperative chemotherapy might increase the number 
of resectable patients, PDAC is a systemic disease 
already at the time of diagnosis and surgery alone is 
not enough.
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Abstract
Recent advances in surgical techniques and perioperative 
management have markedly reduced operative mor-
bidity after distal pancreatectomy (DP). However, 
some questions remain regarding the protocol for the 
perioperative management of DP, in particular, with 
regard to the development of pancreatic fistula (PF). 
A review of DP was therefore conducted in order to 
standardize the management of patients for a favorable 
outcome. Overall, operative technique and perioperative 
management emerged as two critical factors contributing 
to favorable outcome in DP patients. As for the operative 
method, surgical and closure techniques exhibited 
differences in outcome. Laparoscopic DP generally yields 
more favorable perioperative outcomes compared to 

open DP, and is applicable for benign tumors and some 
ductal carcinomas of the pancreas. Robotic DP is also 
available for safe pancreatic surgery. En bloc  celiac axis 
resection offers a high R0 resection rate and potentially 
allows for some local control in the case of advanced 
pancreatic cancer. Following resection, staple closure 
was not found to reduce the rate of PF when compared 
to hand-sewn closure. In addition, ultrasonic dissection 
devices, fibrin glue sealing, and staple closure with 
mesh reinforcement were shown to significantly reduce 
PF, although there was some bias in these studies. 
In perioperative management, both preoperative 
and postoperative treatment affected outcome. First, 
preoperative endoscopic pancreatic stenting may 
be an effective prophylactic measure against fistula 
development following DP in selected patients. Second, 
in postoperative management, a multifactorial approach 
including prophylactic antibiotics improved high surgical 
site infection rates following complex hepato-pancreato-
biliary surgery. Furthermore, although conflicting results 
have been reported, somatostatin analogues should be 
administered selectively to patients considered to have 
a high risk for PF. Finally, careful drain management also 
facilitates a favorable outcome in patients with PF after 
DP. The results of the review indicate that laparoscopic 
DP coupled with perioperative management influences 
outcome in DP patients.

Key words: Distal pancreatectomy; Pancreatic fistula; 
Perioperative management 
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INTRODUCTION
Distal pancreatectomy (DP) is generally performed 
on patients with benign and malignant neoplasms of 
the distal pancreas and chronic pancreatitis. Recent 
advances in surgical techniques and perioperative 
management have markedly reduced the rates of 
operative morbidity and mortality after DP[1,2]. However, 
pancreatic fistula (PF) still remains a major cause of 
morbidity[3]. The overall incidence of PF in patients 
undergoing DP is as high as 10%-30%[1,2]. In addition, 
PF is associated with additional complications such as 
intra-abdominal abscess or hemorrhage, and leads to 
a prolonged hospital stay[2]. Some factors have been 
reported to predispose patients to the development of 
PF, including the surgical technique, a soft or normal 
pancreas, pancreatic thickness, age, obesity, and 
extended lymphadenectomy[1-6]. A review of published 
results for DP in PubMed Central from January 1998 to 
October 2014 was conducted using the following terms: 
“distal pancreatectomy”, “pancreas”, and “randomized 
study”. Twenty-one articles and the references therein 
were reviewed. Favorable outcome associated with 
laparoscopic DP along with clear parameters for 
perioperative management are discussed.

OpeRaTIve MeThOD
Resection of the pancreas, closure of the remnant 
pancreas, and other techniques
Conventional resection of the pancreas was performed 
with scissors or electric scissors, bleeding points 
were ligated, and the main pancreatic duct was 
ligated. The remnant pancreas was closed with hand-
sewn sutures[1,2]. In this approach, ligation of the 
main pancreatic duct was found to be important in 
preventing PF[7].

Recently, more varied techniques and surgical 
devices have been introduced into pancreatic surgery 
for both resection and closure. Resection of the 
pancreas has been performed with ultrasonic dissection 
devices[8], saline-coupled bipolar electrocautery[9], and a 
vessel-sealing system[10]. Ultrasonic dissection devices 
in particular are easily available and also significantly 
reduce the occurrence of PF in DP[8]. Seromuscular 
patches[11], fibrin glue sealing[12], the application of 
surface-active meshes, and combinations of these 
techniques[13] were used for closure of the pancreas. 
Seromuscular patch closure of the pancreatic remnant 
has been described using either an isolated Roux-
n-Y loop[11] or gastric serosa[14]. Hassenpflug et al[15] 
reported that coverage of the pancreatic remnant 
after DP decreased the occurrence of clinically relevant 
PF. Suzuki et al[12] reported that sealing with fibrin 

glue also prevented PF. In addition, PF was reduced 
when the remnant pancreas was tightly patched and 
sutured vertically with the hepatic ligament[16,17] or an 
absorbable fibrin sealant patch[18].

Stapling devices can be used at the same time to 
resect the pancreas[19]. This technique is applied mainly 
in laparoscopic DP[20]. However, a randomized trial 
demonstrated that staple closure did not reduce the 
occurrence of PF compared to hand-sewn closure[21]. 
Oláh et al[22] also reported that closure with a stapler 
in combination with a seromuscular patch from the 
jejunum did not reduce the occurrence of PF compared 
to the use of a stapler alone.

In a systematic review[23], ultrasonic dissection 
devices[8], fibrin glue sealing[12], and staple closure with 
mesh reinforcement[24] were shown to significantly 
reduce the occurrence of PF, although there was some 
bias in these studies.

Open vs laparoscopic and robotic surgeries
Laparoscopic techniques have been recently applied 
to hepato-pancreato-biliary surgery[25], so there are 
many studies reporting on the use of laparoscopic 
DP. Laparoscopic DP is used for resection of benign 
tumors and some ductal carcinomas of the pancreas[25]. 
Systematic reviews have demonstrated that laparoscopic 
DP leads to significantly more favorable perioperative 
outcomes[20,25]. Robotic DP is also available and safe for 
pancreatic surgery, but the influence of the technique on 
overall survival of oncology patients is still unknown[26].

Extended surgery
DP was performed with various extents of lympha-
denectomy based on the disease and stage of cancer. 
Although tumors invading the celiac axis had been 
considered unresectable, Hirano et al[27] advocated DP 
with en bloc celiac axis resection. This strategy offers a 
high R0 resection rate and potentially allows for some 
local control of advanced pancreatic cancer. Although 
this method is associated with a high frequency of 
complications, Okada et al[28] demonstrated that 
preservation of the left gastric artery in DP with en bloc 
celiac axis resection reduced postoperative morbidity.

pOsTOpeRaTIve MaNageMeNT
Prophylactic antibiotics
In general, a prophylactic, intravenous, broad-spectrum 
antibiotic (cefotiam or cefazolin sodium) was started 
intraoperatively. Once an infective complication was 
diagnosed, an appropriate sensitive antibiotic agent 
was selected and administered[17]. A recent study by 
Ceppa et al[29] reported that a multifactorial approach 
improved high surgical site infection rates following 
complex hepato-pancreato-biliary surgery.

Somatostatin analogues
Somatostatin analogues inhibit pancreatic exocrine 
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secretion, but various groups reported conflicting 
results for their use in perioperative management of 
patients undergoing DP. In some studies, perioperative 
treatment with these compounds was shown to 
decrease the rate of clinically significant postoperative 
PF, leak, or abscess[30]. In contrast, other studies failed 
to demonstrate a benefit in the perioperative use of 
somatostatin analogues in patients undergoing DP[31,32]. 
Therefore, the use of somatostatin analogues should 
be administered selectively to patients considered to 
have a high risk for PF.

Drain management
Abdominal drains were positioned on the left sub-
diaphragm and stump of the remnant pancreas. The 
drain of the left sub-diaphragm was usually removed 
on postoperative days 2-3, and the drain of the stump 
of the remnant pancreas was usually removed within 
six postoperative days based on clinical symptoms (no 
sign of infection) and the values of drain amylase and 
lipase (less than three times the serum amylase and 
lipase activity)[1,17].

Kawai et al[33] also showed that early removal of 
drains was a critical factor in the reduction of morbidity 
following pancreaticoduodenectomy. These results 
support the view that drains are not mandatory and 
that, if placed, should be removed as soon as possible 
after DP. Thus, careful drain management also facilitates 
a favorable outcome in patients with PF after DP[34].

Stent management
Prophylactic transpapillary pancreatic stenting has been 
proposed as a strategy to prevent PF. However, this 
technique does not reduce PF when standardized resection 
of the body and tail of the pancreas is performed[35]. 
However, Abe et al[36] reported that preoperative 
endoscopic pancreatic stenting might be an effective 
prophylactic measure against fistula development 
following DP in select patients.

CONCLUsION
Perioperative management is important for an early 
favorable outcome in patients undergoing DP. Lapa-
roscopic DP facilitates favorable results.
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Abstract
Liver resection (LR) with negative margins confers 
survival advantage in many patients with hepatic 

malignancies. However, an adequate future liver remnant 
(FLR) is imperative for safe LR. Presently, in patients 
with an inadequate FLR; the 2 most established clinical 
techniques performed to induce liver hypertrophy are 
portal vein embolization (PVE) and portal vein ligation. 
More recently, it has been observed that patients who 
undergo treatment via  Y90 radioembolization experience 
hypertrophy of the contra-lateral untreated liver lobe. 
Based on these observations, several investigators 
have proposed the potential use of this modality as an 
alternative technique for increasing the FLR prior to liver 
resection. Y90 radioembolization induces hypertrophy 
at a slower rate than PVE but has the added advantage 
of concomitant local disease control and tumour down-
staging.

Key words: Liver hypertrophy; Y90; Radioembolization; 
Portal vein embolization; Selective internal radiation 
therapy

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Both portal vein embolization and Y90 
radioembolization induce significant hypertrophy of 
the contralateral lobe. Y90 radioembolization induces 
hypertrophy at a slower rate than PVE but has the added 
advantage of concomitant local disease control and 
tumour down-staging.
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LIVER HYPERTROPHY
Liver resection (LR) with negative margins confers 
consistent survival advantage in patients with both 
primary (hepatocellular carcinoma/cholangiocarcinoma) 
or secondary malignant disease[1]. In patients with 
well-preserved liver function, curative liver resection 
remains the standard of care. An adequate future liver 
remnant (FLR) is imperative for safe LR. Presently, in 
patients with a normal liver function, a FLR of at least 
25% is deemed sufficient by most clinicians to avoid 
liver failure. However, in patients with an impaired liver 
function (e.g., cirrhosis), a larger FLR of up to 40% 
should be preserved[2-4]. An inadequate FLR is a major 
reason why otherwise suitable patients are precluded 
from potentially curative LR.

Presently, the 2 most well-established clinical 
techniques performed to induce liver hypertrophy 
in patients with an inadequate FLR are portal vein 
embolization (PVE) and portal vein ligation (PVL). In 
head-to-head comparisons, both these techniques 
have been shown to result in equivalent degrees of 
hypertrophy[5,6], estimated to be between 10%-46% 
at 2 to 8 wk[7]. PVE is preferentially utilised usually in 
view of its minimally invasive nature, and the avoidance 
of a laparotomy. However, a major drawback of both 
PVE and PVL is that tumour growth continues unabated 
while awaiting hypertrophy, which may eventually 
preclude resection especially in tumours which are in 
close proximity to major bilio-vascular structures. This is 
far from being a merely theoretical concern as increased 
tumour growth rates after PVE have been reported in 
both animal models[8,9] and humans[10].

Based on these concerns, a sequential approach 
combining transarterial chemoembolization (TACE) and 
PVE has been advocated, with proponents claiming 
both a significant rate of FLR hypertrophy as well as 
increased local tumour control. This approach was 
first shown to result in good FLR hypertrophy, with no 
increased risk of liver failure, as might be expected 
after occlusion of the liver’s dual blood supply[11]. These 
findings were replicated in subsequent larger studies, 
which also showed an improvement in both overall and 
disease-free survival in patients undergoing sequential 
treatment as opposed to PVE alone[12,13]. However, in 
these studies, the mean increase in percentage of FLR 
achieved in the PVE + TACE arms was only 7.3%-22%, 
which was significantly less than that reported with 
PVE in the rest of the literature.

Y90 RADIOEMBOLIZATION
The first series to report the phenomenon of contralateral 
liver lobe hypertrophy after Y90 radioembolization 
was published in 2008[14]. Subsequently, several 
groups have also published similar results from their 
retrospective experience[15-22]. The main limitations of 

these retrospective studies are that the patient cohorts 
were vastly heterogenous in terms of pathology treated, 
underlying liver disease, dosage and delivery of Y90, 
number of treatment sessions and time to measurement 
of hypertrophy. However, it was clear that unilobar Y90 
radioembolization resulted in significant hypertrophy of 
the contralateral lobe - the reported average hypertrophy 
achieved ranged from 21%-47% at 44 d-9 mo. The 
degree of hypertrophy reported is thus comparable 
with that achieved with PVE/PVL, although the time to 
hypertrophy is clearly heterogenous, and precludes any 
meaningful direct comparison. To date, there have been 
no prospective trials directly comparing the efficacy 
of Y90 radioembolization to PVE/PVL in achieving liver 
hypertrophy.

Only one series[21] has attempted a direct head-to-
head comparison between these two modalities. In this 
study, a matched-pair analysis of patients with secondary 
liver malignancy confined to the right hemiliver was 
performed. Patients were well matched for: (1) baseline 
FLR; (2) history of platinum-based chemotherapy; (3) 
platelet count; and (4) extent of embolization. Although 
subject to the usual biases inherent in such a study, the 
authors demonstrated that PVE produced significantly 
more hypertrophy (61.5% vs 29.0%) within a shorter 
time frame (median 33 d vs 46 d). Another recent 
study[18] attempted to study the relationship between 
the degree of hypertrophy with duration from treatment. 
In this study, median FLR growth progressed from 7% 
at one month to 45% at 9 mo post-radioembolization. 
Hence, based on current evidence it can be concluded 
that the kinetics of hypertrophy may differ between 
the two modalities, with post Y90 radioembolization 
causing a slower, more gradual increase in volume 
compared to PVE. Hence, the potential advantage of 
Y90 radioembolization in inducing liver hypertrophy 
would therefore lie in its ability to provide concomitant 
local tumour control and even down-staging. Tumour 
response to Y90 according to the RECIST criteria had 
been reported to range between 42%-70%[23]. This 
decrease in tumour size, coupled with hypertrophy of 
the FLR holds great promise in potentially rendering 
previously unresectable disease curable.

It is worth mentioning here the recent development 
of another novel technique for inducing liver hypertrophy, 
i.e., associating liver partition with portal vein ligation for 
staged hepatectomy (ALPPS). This technique allows for 
extremely rapid hypertrophy of the FLR, at the expense 
of increased morbidity and a significant mortality rate. A 
recent review of the literature[24] concluded that a mean 
FLR hypertrophy of 80% at 7-10 d was achievable, 
but at the risk of a 35% significant morbidity rate 
and a 30-d mortality of 6%. In view of the significant 
morbidity and mortality, ALPPS is therefore best 
considered to be an experimental technique at present. 
It is to be used in highly selected patients in a clinical 
trial setting.
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In light of current evidence, we therefore propose 
that instead of being an alternative to PVE, the technique 
of Y90 radioembolization is instead complementary. The 
former is best utilised in the setting where the tumour 
is technically resectable except for a concern over 
the adequacy of the FLR. PVE would then result in a 
greater degree of hypertrophy over a shorter time 
frame. However, in situations where a large, bulky 
tumour abuts major vascular and/or biliary structures 
which must be conserved or when the ability to 
achieve adequate oncological margins are a concern, 
then Y90 radioembolisation would provide the added 
advantage of both tumour control/downsizing while 
increasing the FLR.
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Abstract
Nuclear factor kappa B (NF-κB) has an established role 
in the regulation of innate immunity and inflammation. 
NF-κB is also involved in critical mechanisms connecting 
inflammation and cancer development. Recent investigations 

suggest that the NF-κB signaling cascade may be the 
central mediator of gastrointestinal malignancies including 
esophageal, gastric and colorectal cancers. This review 
will explore NF-κB’s function in inflammation-associated 
gastrointestinal malignancies, highlighting its oncogenic 
contribution to each step of carcinogenesis. NF-κB’s role in 
the inflammation-to-carcinoma sequence in gastrointestinal 
malignancies warrants stronger emphasis upon targeting 
this pathway in achieving greater therapeutic efficacy.

Key words: Gastrointestinal cancer; Inflammation; 
Nuclear factor kappa B

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Inflammation has a critical role in cancer, its 
metastasis and angiogenesis. One of the critical mediator 
is nuclear transcription factor nuclear factor kappa B. 
This article will be critically useful for basic scientist and 
clinicians in understanding the the importance of this 
transcription factor.

Gambhir S, Vyas D, Hollis M, Aekka A, Vyas A. Nuclear 
factor kappa B role in inflammation associated gastrointestinal 
malignancies. World J Gastroenterol 2015; 21(11): 3174-3183  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i11/3174.htm  DOI: http://dx.doi.org/10.3748/wjg.v21.
i11.3174

INTRODUCTION
Gastrointestinal cancers, comprised of esophageal, 
gastric and colorectal cancers, are some of the most 
common and fatal cancers worldwide. However, mortality 
rates have declined due to improved efforts in cancer 
prevention, earlier detection and a growing number 
of treatment options, especially in the development of 
therapies targeted to specific signaling pathways. These 
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therapies are founded upon the body of basic scientific 
research that has implicated various signaling pathways 
in different gastrointestinal (GI) malignancies. Recent 
literature suggests that the nuclear factor kappa B (NF-
κB) signaling cascade in particular may serve as a central 
mediator of carcinogenesis. The NF-κB signaling pathway 
has numerous physiological roles, including regulation of 
innate immunity and inflammation, and therefore may 
be involved in carcinogenesis in multiple ways[1,2]. The 
primary function of this signaling cascade is to protect 
the cell from harm, but if it becomes aberrant, then 
the transition from inflammation to cancerous growth 
can be elicited. In our previous study, we explored 
gastrointestinal epithelial response to injury and by 
extension intend to scrutinize NF-κB‘s effects on the gut 
in this review[3].

Recent epidemiological investigations have shown that 
chronic inflammation, including infection, is associated 
with 15%-20% of all human malignancies[4]. Numerous 
genetic studies have also exposed NF-κB’s potential role 
in inflammation-related cancers[4-7]. For example, NF-κB’s 
constitutive activation has been demonstrated in various 
human solid tumors, including those of ovarian, lung, 
breast, melanoma, hepatocellular, thyroid, pancreatic, 
prostate, colon, esophageal, gastric, laryngeal, pa-
rathyroid, bladder, endometrial, retinoblastoma, astro-
cytoma and squamous cell carcinoma of the head and 
neck[8-17]. Moreover, aberrant NF-κB regulation has been 
observed in hematopoietic malignancies, such as multiple 
myeloma, mantle cell lymphoma, MALT lymphoma, 
diffuse large B-cell lymphoma, Hodgkin’s lymphoma, 
myelodysplastic syndrome, adult T - cell leukemia, 
chronic lymphocytic leukemia, acute myeloid leukemia, 
and chronic myeloid leukemia[8,11,18,19].

NF-κB is a pleiotropic transcriptional factor that 
is encoded by a family of five main genes[5,20]. These 
genes contain the homologous domain Rel homology 
domain (RHD), which includes RelA (p65), RelB, CRel 
(REI), p50 and p52. NF-κB1 (p100) and NF-κB2 (p102) 
are processed to produce p52 and p50 respectively[21]. 
The RHD allows these proteins to homo- and hetero-
dimerize, localize to the nucleus, bind to DNA and 
interact with the inhibitor of NF-κB (IκB)[22]. NF-κB 
homodimers or heterodimers remain inhibited in 
the cytoplasm bound to ankyrin rich regions of IκB 
proteins, which prevent NF-κB translocation to the 
nucleus and thus transcription[22]. The IκB family 
consists of IκBα, IκBb, IκBg, IκBe, BCL-3 and p100 
and p105. It is through IκB kinase dependent (IKK-
dependent) phosphorylation, polyubiquitination and 
proteasomal degradation of IκB proteins that the NF-
κB proteins are liberated[22]. The IKK family consists 
of two catalytic subunits, IKKα and IKKb, complexed 
to the regulatory subunit IKKg/NEMO (NF-κB essential 
modulator)[22].

The tight regulation and activation of NF-κB 
is controlled by two principal signaling pathways, 
modulated by divergent but specific stimuli: the 
classical or canonical pathway and the alternative 

pathway[1,22]. With regards to the former, inflammatory 
stimuli, including TNF-α, IL-1b, TLRs and viruses, 
promote phosphorylation at two serine sites of IκB 
through the activation of IKKα, IKKb and NEMO[21]. This 
leads to polyubiquitination at adjacent lysine residues 
and eventually proteolysis, releasing NF-κB dimers-
most commonly p50/p65 heterodimers-and degradation 
of IκB[5]. The alternative pathway is characterized by 
its independence from IKKb and NEMO and reliance 
on IKKα[22]. Following stimulation by TNF-α receptor 
superfamily members (lymphotoxin (LT) bR, B-cell 
activating factor receptor (BAFFR), receptor activator 
of NF-κB (RANK), and CD40), IKK mediates the 
phosphorylation of NF-κB2/p100:RelB complexed with 
an IκB[22]. The complex is subsequently polyubiquinated, 
leading to the proteasome-dependent processing of RelB’
s inhibitor NF-κB2 p100, which results in the liberation 
of the ReIB-p50 heterodimer[1,21]. In both pathways, 
the dimers proceed to translocate to the nucleus, bind 
to NF-κB DNA sites and activate transcription. It should 
be noted that one of the first proteins transcribed in this 
process is IκBα, which then translocates to the nucleus 
and binds to the dimer to inhibit further transcription[5]. 
The classical pathway is implicated in preventing 
apoptosis and in innate immunity and inflammation[1,21]. 
The alternative pathway is involved in secondary 
lymphoid organogenesis and B cell maturation and 
survival[21]. Thus, both are responsible for cell survival 
and ultimately play a role in carcinogenesis.

NF-κB AND CANCER
Virchow first postulated and proposed the causal 
relationship between chronic inflammation and cancer. 
Chronic inflammation due to irritants is thought to 
lead to increased cell multiplication, predisposing cells 
to neoplastic DNA changes. An important mechanistic 
link may include NF-κB, as recent studies have 
suggested that NF-κB promotes tumor growth by 
inducing downstream proteins that have oncogenic 
effects[22]. Initial evidence of NF-κB’s link to cancer 
was the identification of the p50 subunit and RelA and 
its close homology with the oncoprotein v-REL of the 
avian REL retrovirus[23]. The onco-virus constitutively 
activates the v-REL oncoprotein, which is an important 
catalyst in the progression of lymphomas[23]. Similarly, 
the human T-cell leukemia virus’s oncoprotein TAX 
has been shown to constitutively activate the IKK 
complex, stimulating both pathways and again leading 
to upregulation of NF-κB’s downstream proteins[24].

Hanahan and Weinberg’s postulation of each step 
of tumorigenesis includes self-sufficiency in growth 
signals, insensitivity to growth inhibitor signals, evasion 
of apoptosis, limitless replicative potential, sustained 
angiogenesis, and tissue invasion and metastasis[25-28]. 
NF-κB can exert its effects on each of these aspects of 
tumorigenesis through the induction of downstream 
protein expression, and thus might be the basis of 
the transition from inflammation to cancer growth. 
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Essentially, NF-κB controls cell proliferation by activating 
growth factors, including IL-2, granulocyte monocyte 
colony stimulator factor and CD40L[25,26]. It also serves 
as a positive regulator of cell cycle progression as it 
can activate c-myc and cyclin D1[26]. NF-κB inhibition of 
programmed cell death, through its regulation of the 
anti-apoptotic proteins ciAPS, c-FLP and members of 
the bcl-2 family, is also well documented[25,26]. These 
proteins are vital in sustaining genetically altered 
precancerous cells, and their effects therefore increase 
the probability of malignant changes. NF-κB activity 
can also lead to increased angiogenesis and metastasis 
through the upregulation of chemokines, such as IL-8 
(migration), VEGF (angiogenesis) and MMP (spread). 
The altered expression of these genes, with NF-κB 
as a key mediator, is associated with tumor growth 
and spread[25,26]. Finally, the heavily scrutinized pro-
inflammatory gene COX-2, which is under direct control 
of NF-κB, has been demonstrated to be closely involved 
in the process of carcinogenesis[25-30].

This review article will explore NF-κB’s role in 
cancers of the gastrointestinal tract, including eso-
phageal, gastric and colonic. Discussion of each cancer 
will begin with a presentation of inflammatory stimuli, 
including infection and other inciting factors that affect 
NF-κB’s expression. Evidence will then be provided 
in support of the fact that NF-κB activity increases 
through progression of inflammation to cancer on a 
continuum that culminates in constitutive expression. 
The documented upregulation of NF-κB’s downstream 
proteins in each specific GI malignancy will be 
discussed next, with emphasis of COX-2 expression. 
This will be followed by an illustration of the importance 
of targeting the NF-κB pathway for greater therapeutic 
efficacy, including addressing chemoresistance. In 
essence, the amalgamation of the data presented in 
this review will uncover NF-κB as the mechanistic link 
between inflammation and tumor growth, specifically 
in gastrointestinal cancers. Finally, common themes 
will be clarified in emphasizing the connection between 
the two entities.

NF-κB’S ROLE IN ESOPHAGEAL 
CARCINOGENESIS
Esophageal cancer is responsible for roughly 16000 
deaths in the United States per year; mortality depends 
on cell type (adenocarcinoma vs squamous), risk 
factors and location of pathology[31]. There is increasing 
evidence that the NF-κB pathway mediates the 
progression of inflamed esophageal epithelium through 
carcinogenesis[30,31]. This begins when the upper GI tract 
is exposed to noxious stimuli that promote inflammation 
and foster a propensity for cancerous growth[30,31]. 
Examples of such stimuli include tobacco smoke, alcohol, 
reflux, corrosive injury, nitrosamines, HPV and thermal 
injury[31]. Moreover, multiple studies link exposure to 
upregulation of NF-κB. One study conducted by Abdel-

Latif et al[32] showed that bile acids and low pH induced 
expression of NF-κB in esophageal cell lines. Similarly, 
another study illustrated that physiological levels of bile 
acid not only activated NF-κB, but also led to increased 
expression of the downstream protein IL-8[33]. It is 
suggested that after epithelial cells are exposed to 
inflammatory stimuli, they defensively resort to activating 
the NF-κB pathway in order to prevent apoptosis and 
sustain existence by DNA repair[34]. This persistence 
predisposes the cells to malignancy as they continue to 
proliferate due to genetic alterations[35].

Involvement of NF-κB in promoting inflammatory 
changes to metaplasia and the progression to esopha-
geal cancer has been demonstrated in the literature[36]. 
Current evidence supports constitutive NF-κB activity in 
cancerous growth of both adenocarcinoma and squamous 
cell carcinoma in in vivo and in vitro studies[11,36-38]. 
In one study, nuclear immunologic staining revealed 
increased nuclear expression of p50, p52 and ReI in 
patient biopsies of esophageal cancer cells compared to 
normal squamous cells[25]. Abdel-Latif et al[38] showed 
that overexpression of NF-κB in tumor tissues correlated 
with higher expression of Rel-A and lower expression of 
IκB when compared to expression levels in non-tumor 
cells. This was further supported by the finding that 
NF-κB expression was increased in patients of Barrett’
s epithelium, however there was virtually no expression 
in patients with normal esophageal epithelium[38,39]. 
In another study, 40% NF-κB expression was noted 
in Barrett’s tissues, but markedly increased to 76% in 
adenocarcinomas[36]. In addition to demonstrating NF-κB’s 
presence in esophageal malignancy, studies have also 
correlated NF-κB activity with metastasis[40].

It is the downstream proteins that are responsible 
for exerting oncogenic effects, however, and these are 
vital in inflammation-related tumorigenesis. A number 
of studies have examined this increase in inflammatory 
proteins specific to esophageal malignancy. O’Riordan 
et al[37] demonstrated the elevation of proinflammatory 
cytokines IL-8 and IL-1B in esophagitis, Barrett’s 
epithelium and adenocarcinoma in human histological 
specimens. These cytokines contribute to tumor 
progression by regulating angiogenesis, sustaining 
cancer cell growth and promoting tumor cell migration. 
Investigators further found a significant association 
of NF-κB activation and cytokine upregulation in 
adenocarcinoma. Similar results have been found in 
other studies with regard to increased pro-inflammatory 
cytokines in esophageal cancerous growth[11,38]. Recent 
evidence also supports NF-κB’s role in invasion and 
metastasis in esophageal carcinomas as it leads to the 
upregulation of MMP-9 and reduction of E cadherin, two 
proteins involved in cell migration[41].

Another example illustrating NF-κB’s involvement in 
neoplastic progression is the overexpression of COX-2, 
an enzyme important in regulating prostaglandin 
synthesis[42]. In the context of cancer, increased COX-2 
activity has been shown to be associated with key 
pathways that control cell proliferation, migration, 
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apoptosis, and angiogenesis[11]. Previous studies 
have revealed increased simultaneous expression of 
NF-κB and COX-2 in cells exposed to inflammation 
and cells of malignant growth when compared to 
normal esophageal mucosa[29]. Studies exploring the 
effect of COX-2 inhibitors have also shed light upon 
the relationship between COX-2 and progression to 
malignancy. Liu et al[43] studied the effects of aspirin 
at different concentrations and different times in 
esophageal squamous cell carcinoma cell lines and 
found that aspirin significantly reduced COX-2 mRNA 
and protein expression and prostaglandin synthesis. 
The study’s results demonstrate a dose-dependent 
response to aspirin in reducing cell proliferation 
and inducing apoptosis. In a recent meta-analysis, 
use of aspirin and other COX inhibitors was shown 
to be associated with reduced risk of esophageal 
adenocarcinoma among patients. They noted that the 
use of COX inhibitors decreased the risk of transition 
from Barrett’s esophagus to esophageal cancer. Many 
in vivo and in vitro studies have reported similar 
results and advocate for aspirin use in both preventing 
and treating abnormal esophageal changes.

Patients with esophageal cancer often have a poor 
prognosis due to late presentation of the disease. 
Therefore, it is important to explore new treatments, 
such as those that target NF-κB[44,45]. In esophageal 
adenocarcinoma, elevated NF-κB expression is asso-
ciated with advanced stages and inversely correlated 
with response to neoadjuvant chemotherapy and 
radiation[46,47]. NF-κB expression in esophageal cancers 
is indicative of poor prognosis and may be implicated in 
multidrug resistance and treatment failure. In a recent 
study, NF-κB activity in patients with esophageal 
squamous and adenocarcinoma correlated with TMN staging, 
increased susceptibility to spread, chemoresistance and 
overall poor survival rate[48]. Interestingly, their data 
also demonstrated patients who were established to 
have NF-κB negative cancer prior to treatment became 
positive after receiving chemotherapy, suggesting 
chemotherapy as a potential initiator of tumor resistance 
through upregulation of NF-κB[48]. Treatment with 
chemotherapy may induce resistance to the therapy, 
and therefore, result in poorer prognosis. In addition, 
Izzo et al[48] showed that after constitutive NF-κB 
activity was established, exposure to NF-κB inhibitors, 
such as Bay11-7082 and sulfasalazine, reduced cancer 
cell proliferation and induced apoptosis. They also found 
that treatment with these inhibitors in combination with 
chemotherapeutic drugs 5-fluorouracil and cisplatin led to 
a synergistic effect on inhibiting cell growth, decreasing 
chemoresistance[11]. This investigation also illustrated 
that Bay 11 was associated with decreased tumor 
growth and angiogenesis in animal studies[11]. Tian 
et al[49] found similar results with siRNA molecules of 
p65. They first found p65 expression was decreased 
in ESCC cell lines when exposed to siRNA p65 after 
establishing constitutive activity of the NF-κB signaling 
pathway. Moreover, they too found a synergistic effect 

of siRNA with 5FU as ESCC cells became more sensitive 
to 5-FU after exposure to siRNA p65. Finally, utilization 
of neoadjuvant treatment with NF-κB inhibitors in the 
management of esophageal carcinomas was shown 
to help in a specific cohort of refractory treatment 
cases[46,47].

NF-κB’S ROLE IN GASTRIC 
CARCINOGENESIS
Gastric cancer further elucidates the role of NF-κB 
as a central mediator of carcinogenesis and as an 
important link between inflammation and cancer[50,51]. 
Gastric cancer, especially the intestinal type, entails the 
progression from chronic gastritis to chronic atrophic 
gastritis to intestinal metaplasia, then dysplasia and 
finally adenocarcinoma[52]. The initiation of chronic 
inflammation typically begins with the presence of such 
risk factors as Helicobacter pylori (H. pylori) infection, 
pernicious anemia, smoking or high salt diet. This leads 
to longstanding chronic superficial gastritis, which 
eventually progresses to intestinal metaplasia followed 
by adenocarcinoma[53,54]. H. pylori’s detrimental effect 
on gastric mucosa has been well established in the 
literature through clinical data, animal studies and cell 
cultures[52,53]. However, only certain H. pylori strains 
have been shown to be involved in malignancy and 
these have the pathogenic island, CagA[54]. Current 
studies have established that CagA-positive H. pylori 
significantly contributes to gastric cancer cell tissue 
invasion[55,56]. Wu et al[57] visualized the link between 
CagA-positive H. pylori and NF-κB by using NF-κB 
blockers. Exposing gastric cancer cells infected by 
CagA-positive strains to NF-κB blockers significantly 
reduced tissue invasiveness. This not only supported 
CagA’s effects as a pathogenic factor, but demonstrated 
the significant role of NF-κB. These data support the 
idea that H. pylori becomes a potent NF-κB activator 
if it carries CagA pathogenicity. The exact molecular 
pathway between CagA and NF-κB cannot be addressed 
due to a paucity of evidence. Some studies speculate 
the connection lies in the protein transforming growth 
factor-beta-activated kinase 1 (TAK1)[54].

Constitutive activation of the NF-κB pathway and its 
increased production in gastric cancer cells of human 
tissue and cell lines has been demonstrated through 
various laboratory techniques, including IHC, EMSA 
and Western blotting[5,57,58]. Constitutive NF-κB activity 
has also been documented in H. pylori gastritis and 
diffuse gastric cancer[11,59]. Although chronic irritants 
initiate mucosal inflammation, it is the NF-κB pathway 
which is vital in sustaining the gastritis-metaplasia-
carcinoma sequence. Studies have shown that NF-
κB is notably higher in patients with H. pylori gastritis, 
and this is significantly correlated with histological 
scores of gastritis[60]. In intestinal type gastric cancer, 
increased NF-κB expression is strongly associated with 
CagA strain-induced metaplasia, dysplasia and gastric 
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cancer itself[56]. This is currently under debate for 
diffuse type gastric cancer. Yamanaka et al[61] identified 
a major function of NF-κB in carcinogenesis when they 
found that patients with higher NF-κB activity had a 
shorter survival rate and concluded that NF-κB was a 
prognostic indicator in gastric cancer. Interestingly, NF-
κB expression is also associated with stage, depth of 
invasion, WHO classification and Lauren’s histological 
classification[11,51,52,58,62]. Levidou et al[11] further 
concluded through multivariate survival analysis that 
NF-κB1 expression was an independent predictor of 
gastric cancer prognosis.

For the gastritis-to-carcinoma sequence to be 
successful, each step requires a pattern of oncoprotein 
expression to promote carcinogenesis. As in esophageal 
cancer, NF-κB regulates these oncoproteins in gastric 
cancer as well in terms of endorsing tumor growth, 
preventing apoptosis, and initiating tumor angiogenesis 
and migration. Keates et al[63] demonstrated an increased 
activation of NF-κB and its downstream proteins by 
infecting gastric epithelial cells with H. pylori and then 
observing increases in p50/p65 heterodimers and p50 
dimers, followed by increased IL-8 mRNA and protein 
synthesis. Yin et al[64] found that IL-6 and VEGF were 
significantly increased in NF-κB positive gastric cancer 
cells compared to their levels in normal mucosa. 
Like IL-8, IL-6 is also associated with malignancy-
both facilitate cancer cell apoptosis and stimulation 
of angiogenesis. VEGF is a well-known growth factor 
implicated in angiogenesis and therefore is crucial in 
carcinogenesis[65]. Other studies have shown that gastric 
cell lines exposed to H. pylori have displayed upregulation 
of important tumorigenesis markers including MMP-9, 
VEGF and COX-2[50].

NF-κB is also an important regulator of COX-2 in 
gastric cancer as it is in esophageal cancer. Expression 
of NF-κB and COX-2 in the same neoplastic mucosa has 
been established in previous studies[66,67]. Studies exploring 
COX-2 inhibitors also shed light upon the specific actions 
of COX-2 and its potential applications[58,68]. In one study, 
p50 positive cells treated with COX inhibitors showed 
a dose-dependent suppression of cell growth in gastric 
cells[66]. A large population-based case-control study 
conducted by Farrow et al[69] revealed that patients who 
took aspirin or NSAIDs had a decreased risk of gastric and 
esophageal cancer compared to never users. Evidence 
provides support that COX-2 inhibitors may prevent 
gastric carcinogenesis and can aid in treating gastric 
malignancy[69]. COX-2 expression is, in part, facilitated by 
NF-κB expression; if the central regulator can be inhibited, 
then all downstream proteins, including COX-2, may be 
suppressed, thereby resulting in reduced oncogenesis[50].

Despite advances in current therapeutic approaches, 
gastric cancer is still one the most prevalent cancers 
and the second leading cause of death due to cancer, 
worldwide. Therefore, new treatment options should 
be explored by scrutinizing the molecular pathway 
of the gastritis- adenocarcinoma sequence. The NF-
κB pathway provides a link between inflammation 

and cancer and can explain many of the hallmarks 
of cancer[50,52]. Moreover, literature has illustrated the 
dysregulation of the NF-κB signaling pathway in gastric 
cancer, with its presence indicating poor prognosis[61]. 
Studies have shown in CagA-mediated gastric cancer 
that cell migration is attenuated by NF-κB inhibitors. 
These results were expanded upon in a study conducted 
by Keates et al[63], which found that pretreatment 
with PDTC, a potent NF-κB inhibitor, reduced H. pylori-
activated p65 and IL-8. In one study, parthenolide, 
another NF-κB inhibitor, was used on three gastric 
cancer cell lines and significantly induced apoptosis in 
all three[70]. They also found a synergistic effect when 
NF-κB inhibitors were combined with chemotherapeutic 
drugs[71]. This finding is analogous to that of combining 
NF-κB inhibitors and chemotherapy in addressing 
esophageal cancers.

NF-κB’S ROLE IN COLORECTAL 
CARCINOGENESIS
The development of colorectal cancer (CRC) is a 
multistep process and there is growing evidence in 
favor of the connection between inflammation and 
carcinogenesis. NF-κB has become the main focus of 
this neoplastic transformation. CRC can be divided into 
sporadic CRC, hereditary CRC and colitis-associated 
carcinoma (CAC). CAC primarily stems from the two 
major forms of inflammatory bowel disease (IBD): 
ulcerative colitis and Crohn’s disease. NF-κB’s role as 
the mechanistic link between inflammation and cancer 
has been intensively investigated regarding constitutive 
activity of NF-κB in both IBDs and CAC[71-74]. CAC 
is one of the most well-known examples of an infla-
mmation-dysplasia-carcinoma sequence[73,75]. IBD 
prompts a chronic inflammatory state leading to the 
constant production of noxious compounds including 
reactive oxygen species (ROS) and other cytokines 
(TNF-α, IL-6, and IL-1). In the long term, ROS are 
detrimental as they repress regulators of DNA damage 
and induce mutagenic enzymes, such as activation-
induced cytidine deaminase[74]. Furthermore, studies 
indicate that both ROS and cytokines activate the 
NF-κB pathway[74]. These cytokines activate signal 
transducer and activator of transcription 3 (STAT3) 
in intestinal epithelial cells. This, in turn, contributes 
to further inflammation, perpetuating noxious sti-
muli and ultimately creating a positive feedback 
loop. The combination of DNA damaging agents and 
inflammatory cytokines results in constant activation 
of the NF-κB pathway, setting up the progression to 
carcinogenesis.

Overexpression of NF-κB has been demonstrated 
in colon cancer cell lines and human tumor specimens, 
including those of sporadic CRC and CAC[74,76]. This 
is synonymous with genetic syndromes including 
familial adenomatous polyposis (FAP) and hereditary 
non-polyposis cancer (HNPCC)[72]. The expression of 
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NF-κB was determined to be significantly higher in 
the adenocarcinoma tissue compared to expression 
levels in tissue specimens earlier in the inflammation-
adenocarcinoma sequence[77,78]. Furthermore, studies 
have shown that NF-κB activity increases in association 
with histological tumor progression[74,79]. This indicates 
that NF-κB activity correspondingly increases from the 
initiation of inflammation to malignant proliferation. 
Notably, one study concluded that NF-κB activation in 
CRC served as a poor prognostic indicator[78].

As in esophageal and gastric cancer, NF-κB regulates 
expression of various oncoproteins in colorectal cancer 
as well to sustain inflammation and support cell pro-
liferation, inhibition of apoptosis, angiogenesis, invasion 
and metastasis. Overexpression of NF-κB and its 
downstream effectors are well recognized in CRC[56,79]. 
For example, IL-8 upregulation was also described 
in CRC and was identified in various ways including 
microarray and protein array analyses[28]. In addition, 
another cytokine, IL-6, has been found to be weakly 
correlated with poor prognosis in CRC. In a well-
known study, Greten et al[24] investigated the role of 
NF-κB in inflammation-associated tumor growth using 
a mouse model and found that IKKb deletion led to 
a direct decrease in tumor incidence. They attributed 
these results to decreased expression of anti-apoptotic 
proteins. CRC also has a significant association between 
NF-κB overexpression and VEGF[24].

Another emerging theme is the relationship between 
NF-κB and its downstream protein COX-2. Studies of 
CRC have shown an upregulation of both NF-κB and 
COX-2 and the literature also supports their individual and 
coexistent overexpression[23,24,27,75,78-82]. Maihöfner et al[83] 
studied surgically resected tissues of CRC patients and 
found a high expression of p65, IL-6 and COX-2 compared 
to controls[81,82]. It is well established that regular aspirin 
use is associated with a significant reduction in the risk of 
COX-2-positive CRC[80]. The relative risk of CRC is reduced 
by 40%-50% when patients consume aspirin or NSAIDs 
over a period of 10-15 years[24]. Moreover, epidemiologic 
evidence shows that NSAID usage protects against CRC 
to a greater extent than against other GI malignancies. 
In one study, aspirin exposure resulted in apoptosis of 
colorectal cancer cell lines in a concentration-dependent 
manner[83]. Specifically, given that CAC is the result of 
inflammatory processes, it follows that anti-inflammatory 
medication would reduce the risk of cancer.

Inhibition of the master regulator NF-κB will shut off 
the different steps of carcinogenesis. NF-κB inhibitors, 
such as sulfasalazine, mesalamine, and glucocorticoids, 
have already shown promise in treating IBD[23]. Gan et 
al[84] explored the effects of sulfasalazine on the NF-κB 
signaling pathway. After establishing that patients with 
ulcerative colitis (UC) had higher NF-κB and downstream 
proteins including IL-6 and IL-8, those who were ex-
posed to sulfasalazine demonstrated a decrease in all 
three proteins[84]. Corticosteroids strongly inhibit NF-
κB activation in vivo and in vitro, and clinical trials have 
found dexamethasone to be useful in inhibiting CRC 

metastasis. One study illustrated this by using NF-κB 
inhibitors and displaying that blocking the action of NF-κB 
led to inhibition of angiogenesis in CRC[79]. Another study 
reported these same inhibitors prompted apoptosis, as 
NF-κB could not overcome the anti-apoptotic machinery 
to exert pro-survival activity[72]. After establishing 
constitutive activity of NF-κB in CRC, Lind et al[72] further 
showed that NF-κB binding was increased in CRC cell 
lines after exposure to the chemotherapeutic agent. In 
contrast, pretreating cells with NF-κB inhibitors prior 
to administration of gemcitabine showed a decrease in 
tumor size. The common theme of chemoresistance 
resurfaces and NF-κB may be involved in its deve-
lopment. With regards to CRC, NF-κB inhibitors are 
already showing clinical applications. Further research 
should be employed, as this pathway is involved in many 
innate processes and therefore may have a large range 
of systemic side effects.

CONCLUSION
This review showed support for NF-κB’s role in inflam-
mation-associated cancers. NF-κB activation is elicited 
by various inflammatory stimuli (Figure 1). Chronic 
irritation induces constitutive NF-κB activity, promoting 
carcinogenesis (Figure 1). NF-κB’s mechanistic link to 
cancer is best displayed through its pleiotropic effects, 
as it leads to upregulation of important proteins that 
promote tumor progression (Figure 1). Upregulation 
of COX-2 by NF-κB in GI malignancies is consistently 
supported in the literature and the efficacy of COX-2 
inhibitors is still being scrutinized. This review also 
confirmed the presence of NF-κB in advanced gastro-
intestinal malignancies. Additionally, this review 
noted that NF-κB may play a role in developing 
chemo-resistance in gastrointestinal malignancies. 
Recent investigations by Vyas et al[85] postulate that 
chemotherapies may pose therapy-induced resistance 
by stimulating various signaling pathways including 
the NF-κB cascade. The authors clearly delineated 
literature supporting that first-line chemotherapy 
agents such as doxorubicin, 5-FU, cisplatin and 
paclitaxel commonly induce NF-κB production. 
They showed that this led to increased expression 
of downstream proteins that promote proliferation, 
anti-apoptosis and angiogenesis to sustain tumor 
growth[85]. These findings demonstrated the need 
for further research in discovering common themes 
among the gastrointestinal malignancies. Interestingly, 
Kim et al[86] recently reported a significant increase in 
the protein caspase-associated recruitment domain 
6 (CARD6), a NF-κB activator in esophageal, gastric 
and colorectal tissues[87]. Finally, targeted therapy 
focusing upon NF-κB inhibition and its outcomes 
for the individual cancers was also discussed. The 
amalgamation of all the literature presented in this 
review emphasizes the importance of exploring 
molecular targeted therapy to hone in on NF-κB. 
In addition, although NF-κB is the central mediator, 
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targeting the regulators of the actual pathway itself 
could also prove fruitful. For instance, the use of 
histone deacetylases (HDACs) has gained popularity 
as an emerging strategy in inhibiting the NF-κB 
pathway. Histone acetyltransferases and deacetylases 
modulate NF-κB activity through their actions on the 
Re1A/p65 subunit[87]. Yun et al[88] showed acetylation 
of Re1A/p65 subsequently increased NF-κB activation 
and deacetylation lead to diminished levels of Re1A/
p65 and thus NF-κB. This was further explored when 
Yeung et al[89] demonstrated that the use of sirtuins, 
a group of nicotinamide adenosine dinucleotide-
dependent HDACs, led to increased apoptosis as these 
compounds decreased NF-κB levels; this is yet another 
potential strategy for intervention in the future.

NF-κB may induce inflammatory-associated gastro-
intestinal carcinomas which are often refractory to current 
treatments. We, therefore, urge greater exploration and 
development of therapies specifically targeting the NF-
κB pathway as these may prove more successful for 
patients than existing therapeutic options.
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Abstract
Treatment regimens for inflammatory bowel disease (IBD) 
incorporate the use of a variety of immunosuppressive 
agents that increase the risk of infections. Prevention of 
many of these infections can be achieved by the timely 
and judicious use of vaccinations. IBD patients tend to 
be under-immunized. Some of the contributing factors 
are lack of awareness regarding the significance of 
vaccinating IBD patients, misperception about safety of 
vaccinations in immunocompromised patients, ambiguity 
about the perceived role of the gastroenterologist in 
contrast to the primary care physician and unavailability 
of vaccination guidelines focused on IBD population. 
In general, immunocompetent IBD patients can be 
vaccinated using standard vaccination recommendations. 
However there are special considerations for IBD patients 
receiving immunosuppressive therapy, IBD travelers and 
pregnant women with IBD. This review discusses current 
vaccination recommendations with updates for adult 
IBD patients. Centers for Disease Control and Prevention 
2013 vaccination guidelines with 2014 updates and 
the Advisory Committee on Immunization Practices 
recommendations have been highlighted as a primary 
source of recommendations.

Key words: Inflammatory bowel disease; Vaccination; 
Immunocompromised; Influenza; Pneumococcal; Centers 
for Disease Control and Prevention
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Core tip: Patients with inflammatory bowel disease 
(IBD) are at increased risk of infection because of use 
of immunosuppressive agents for treatment in many 
of them. While immunocompetent IBD patients can be 
vaccinated using standard vaccination schedule, special 
guidelines need to be followed for IBD patients getting 
immunosuppressive therapy. In this review article 
the focus is on current vaccination recommendations 
for adult IBD patients. This is a much needed dis-
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Table 2  Risk factors for pneumococcal disease

Table 1  Definition of the immune compromised inflammatory 
bowel disease patient[1]
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cussion as lack of awareness and misperceptions 
about vaccination safety is a major cause of under 
immunization in IBD patients.
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INTRODUCTION
Inflammatory bowel disease (IBD) is an immunologically 
mediated disease often necessitating the use of 
immunosuppressive therapies as treatment. Maintenance 
therapy can involve long term use of immunomodulators, 
biologic agents or the combination of both. Immun
osuppression leads to increased susceptibility to many 
infectious diseases as hepatitis B, pneumococcal sepsis 
and disseminated zoster. Several of these infections 
are preventable with the timely and diligent use of 
vaccination[1,2]. There has been a longstanding debate 
about the ability of immunosuppressed patients to mount 
an adequate antibody response to vaccinations. Currently 
available knowledge has led to the general consensus 
that IBD patients including those on immunosuppressive 
therapy will likely respond adequately to vaccinations[3]. 
However, even if the response is suboptimal in some 
cases, it may still be sufficient to render immunity. 
Studies evaluating the safety profile and impact of 
vaccinations on disease activity have shown reassuring 
results even in immunocompromised patients. Table 
1 demonstrates a widely accepted expert consensus 
statement that defines an immunocompromised IBD 
patient. IBD patients can be vaccinated following the 
standard guidelines applicable to general population. 
Routine vaccination schedules are recommended to be 
followed for most IBD patients. Live vaccinations are 
contraindicated in immunocompromised patients. An 
approach to vaccination of adult IBD patients including 
those on immunosuppressive medications is presented in 
this review article.

PNEUMOCOCCAL VACCINE
Pneumococcal Infection
Streptococcus pneumoniae (pneumococcus) remains a 
leading cause of serious illness, including bacteremia, 
meningitis, and pneumonia among adults in the United 
States[4].

Pneumococcal Infection and IBD
Major risk factors for pneumococcal disease include 
immunocompromising conditions, chronic medical 
conditions, functional or anatomic asplenia, CSF 

leaks and cochlear implants. They are listed in detail 
in Table 2. Salient factors applicable to IBD patients 
are age 65 years and older, smoking and use of 
immunosuppressive agents[57].

Pneumococcal vaccination recommendations
For an adult who has already received 4 doses during 
childhood , the first revaccination is to be given 5 years 
after the last dose administered, followed by a lifetime 
revaccination dose at age 65 years or above[5]. For 
an adult who has not been vaccinated as a child, two 
doses are given 8 wk apart. This is followed by first 
revaccination to be given 5 years since the last dose 
administered, followed by a lifetime revaccination at age 
65 years or above. There are two types of pneumococcal 
vaccines available: Pneumococcal polysaccharide 
(PPSV23) vaccination (Brand name Pneumovax) and 
Pneumococcal conjugate 13valent (PCV13) vaccination 
(Brand name Prevnar). PPSV23 is the commonly used 
and recommended vaccine for all adults. However for 
a subset of adults including immunocompromised IBD 
patients, at least one dose of PCV13 is recommended 
to be included in their vaccination regimen. Whenever 
PCV13 is indicated, it is preferred to be administered 
before PPSV23 is administered. CDC and ACIP recom
mend that PCV13 be given in addition to, not instead 
of, PPSV23 to all immunocompromised adults of all 
ages. For an adult who has an indication for PCV13 but 
has not previously received PPSV23, should receive 
a single dose of PCV13 followed by PPSV23 at least 8 
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Treatment with glucocorticoids: > prednisone 20 mg/d equivalent for 2 
wk or more
   Ongoing treatment with effective doses of 6-mercaptopurine, AZT, 
   Methotrexate and anti tumor necrosis factor therapy
   Within 3 mo of stopping the above listed immunosuppressive therapies
   Significant protein-calorie malnutrition

All adults 65 and older
Symptomatic or asymptomatic human immunodeficiency virus
Chronic lung disease (COPD, emphysema, and asthma)
Chronic cardiovascular diseases
Diabetes mellitus
Chronic renal failure
Nephrotic syndrome
Chronic liver disease (including cirrhosis)
Alcoholism
Cochlear implants
Cerebrospinal fluid leaks
Immunocompromising conditions
Functional or anatomic asplenia
Residents of nursing homes or long-term care facilities
Smokers

COPD: Chronic obstructive pulmonary diseases.



wk later if indicated. If one or more doses of PPSV23 
have previously been administered then a dose of 
PCV13 should be administered at least one year after 
the last PPSV23 dose was received. Interestingly, 
PCV13 is not FDA approved for ages less than 50[5]. 
When immunosuppressive therapy is being considered, 
the interval between pneumococcal vaccination and 
initiation of immunosuppressive therapy should be at 
least 2 wk. PCV13 and PPSV23 is now recommended for 
all adults 65 years or older. If not previously vaccinated, 
PCV13 should be given first followed by PPSV23 612 
mo later. If PPSV23 has been given previously, PCV13 
should be given ≥ 12 mo after[8].

Pneumococcal vaccination and IBD
Studies by Melmed et al[9] and Dotan et al[10] provided 
evidence that neither IBD nor monotherapy with 
immunomodulators impair vaccine response, however 
the combined use of anti tumor necrosis factors 
(TNF) agents with immunomodulators may diminish 
response to pneumococcal vaccine 23. Fiorino et al[11] 
have demonstrated significantly dampened response to 
pneumococcal vaccination in IBD patients receiving an 
antiTNF agent alone or in combination with azathioprine. 
Melmed et al[9] assessed serological responses to PPSV23 
in 21 IBD patients on combined immunomodulator and 
biologic therapy vs 25 nonimmunosuppressed patients. 
Patients on combined therapy had a significantly lower 
response rate compared to nonimmunosuppressed 
patients (45% vs 85%, P = 0.01). Serologic response 
rates were similar between nonimmunosuppressed 
patients and 19 healthy controls (80% vs 85%). In 
a prospective cohort study, Dotan et al[10] found that 
75% of 28 IBD patients vaccinated with Pneumovax 
had at least a 2fold increase between pre and post
vaccination titers to at least 4 out of 14 serotypic 
determinants. All patients initiated thiopurine therapy at 
or near the time of vaccination. Fiorino et al[11] evaluated 
the response rates to pneumococcal vaccination in four 
different treatment groups: mesalamine, azathioprine, 
infliximab, and infliximab plus azathioprine. Patients 
administered infliximab or the combination immu
nosuppressive therapy had significantly lower response 
rates (57.6% and 62.5%, respectively) compared with 
the group on mesalamine (88.6%; P < 0.05 for both 
comparisons). Azathioprine alone did not influence 
the response rate to vaccination (78.9%; P = 0.43 vs 
mesalamine group).

INFLUENZA VACCINE
Influenza infection
Influenza is a highly infectious viral illness that can be 
fatal as primary infection and may also be complicated 
by superimposed bacterial infections.

Influenza infection and IBD
Currently there is no knowledge of increased predisposition 
to influenza infection in nonimmunocompromised IBD 

patients compared to general population. However, 
morbidity and mortality are both increased in individuals 
who are immunocompromised. A multicenter, prospective 
study was conducted in Tokyo to investigate the 
age distribution associated with H1N1 influenza in 
immunocompromised IBD patients. A significantly higher 
incidence of H1N1 influenza infections in patients aged less 
than 20 years was noted, however this was comparable to 
the trend seen in the general population[12].

Influenza vaccination recommendations
Annual vaccination against influenza is recommended 
for all adult IBD patients. Intranasal live attenuated 
influenza vaccine (LAIV) and inactive influenza vaccine 
(IIV)/trivalent inactivated vaccine (TIV) that can be 
administered intramuscularly or intranasally. All non
pregnant and nonimmunocompromised IBD patients 
can receive either form of vaccine[8]. Pregnant, immu
nocompromised IBD patients and household contacts of 
immunocompromised patients should not receive live 
vaccine. Adults aged 65 years and older can receive the 
standard dose IIV or the highdose IIV (Fluzone High
Dose). Due to known antigenic drift, a new vaccine is 
produced annually. As of 2010 the annual influenza 
vaccine also contains the H1N1 component.

Influenza vaccination and IBD
Based on the currently available data, influenza 
vaccine is safe and well tolerated in IBD patients. 
Annual vaccination appears to impart adequate immu
nogenic response against strain A, irrespective of 
immunosuppression status. However, seroprotection 
against strain B strain is impaired and is further 
blunted due to immunosuppression. In a prospective 
open label study, Lu et al[13] found more children with 
IBD were seroprotected against strains influenza A/
H1N1 and influenza A/H3N2 than influenza B strain 
(P < 0.02), regardless of immunosuppression status. 
Further subanalysis showed patients on antiTNF 
were less protected against B strain compared to non
immunosuppressed IBD patients (14% vs 39%, P = 
0.025). In their prospective cohort study, deBruyn 
et al[14], children with IBD achieved appropriate 
immunogenicity to influenza A, immunogenicity to 
influenza B appears to be diminished, especially with 
immunosuppressive therapy. For influenza B, 53% 
children with IBD mounted an immunogenic response 
compared to 81% in controls (P = 0.0009) and 79% 
immunosuppressed IBD children achieved serologic 
protection compared to 100% nonimmunosuppressed 
children with IBD (P = 0.02). Cullen et al[15] conducted 
an observational prospective openlabel study and 
found decreased postvaccine response in patients 
on combination immunosuppression as compared to 
nonimmunosuppressed patients (36% vs 64%, P = 
0.02), particularly to 2009 H1N1 influenza strain. Also 
patients receiving combined immunosuppression had 
a significantly less increase in geometric mean titers 
than those on monotherapy immunosuppression (3.5 
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vs 11.5, P = 0.03). A multicenter observational cohort 
by Rahier et al[16], found H1N1 vaccine to be well 
tolerated by IBD patients, regardless of therapy and 
the risk of IBD relatedflare was concluded to be low.

TETANUS, DIPHTHERIA, ACELLULAR 
PERTUSSIS VACCINE
Tetanus and diphtheria
Neurotoxin released by Clostridium tetani causes 
neuromuscular excitability leading to prolonged 
muscle contractions. Those exposed to trauma with 
contaminated wounds are at risk for this condition[17]. 
Diptheria is an acute, toxinmediated respiratory tract 
illness caused by the corynebacterium diphtheriae.

Tetanus, diphtheria and IBD
All IBD patients are at risk for tetanus after exposure 
through a contaminated wound[1,2,18,19]. There has 
been a marked decline in the incidence of Diphtheria 
due to vaccinations[20]. A case report of severe 
infection with a nontoxigenic strain of C. diphtheria 
in immunocompromised patients was reported by 
Wojewoda et al[21].

Tetanus and diphtheria vaccination recommendations
Tetanus and diphtheria (Td) is recommended as part 
of the childhood DTaP 5 series injection[22], followed by 
Td once every 10 years[2226]. All adults with unknown 
or incomplete history of vaccination should complete 
a 3dose primary vaccination series and all pregnant 
women need to be vaccinated during each pregnancy 
(preferred during 2736 wk gestation), regardless of 
number of years since prior Td or tetanus, diphtheria, 
acellular, pertussis (TDAP) vaccination[27].

Tetanus, diphtheria vaccine and IBD
Data to date examining efficacy of tetanus vaccination in 
IBD patients is inconsistent, however tetanus vaccine 
be administered to all IBD patients irrespective of their 
immunization status. Nielsen et al[3], revealed that post 
vaccination increase in antitetanus antibody levels in 10 
patients with clinically inactive Crohn's disease (CD) was 
comparable to 12 healthy controls. Dotan et al[10], found 
that in 37 patients with IBD who initiated thiopurine 
therapy at or around the time of Td administration, 
73% had seroconversion. Brogan et al[28], suggested an 
impaired response to the booster vaccination in patients 
with IBD. Dezfoli et al[29], categorized 59 patients based 
on their level of immunosuppression (i.e., no therapy, 
immunomodulator monotherapy, biologic monotherapy, 
or combined immunomodulator and biologic therapy). 
Booster response rates with serum antibody levels 
and geometric mean titers (GMTs) were measured at 
baseline and approximately 4 wk after vaccination. 
Protective tetanus titers were achieved in all patients 
either on an antiTNF or an immunosuppressant alone 

compared to 78% of those on combined therapy (P = 
0.01).

Pertussis
“Whooping Cough”, a highly contagious upper respira
tory infection caused by Bordetella pertussis can 
be associated with sequelae including pneumonia, 
encephalopathy and seizures[19,30]. A pertussis epidemic 
was reported in state of Washington by the Secretary 
of Health in 2012. About 2520 (37.5 cases per 100000 
residents) were reported, a 300% increase compared 
with the same period in 2011 and the highest number 
of cases reported in any year since 1942[31].

Pertussis and IBD
A steady increase in risk of pertussis infection in the 
years after completion of the 5dose DTaP series has 
been reported[32]. The risk likely continues through 
adulthood and is attributable, in part, to waning 
immunity from DTaP vaccines. This increased risk is 
applicable to IBD patients.

Pertussis vaccination recommendations
For all adults, replacing 1 scheduled Td booster with 
Tdap is recommended. In an adult with unknown 
vaccination status, administer the first 2 doses at least 
4 wk apart and then third dose 612 mo after the 
second with at least one injection being Tdap[25]. For an 
incompletely vaccinated adult i.e., less than 3 doses, 
administer remaining doses.

Pertussis vaccination and IBD
IBD patients should receive the Tdap vaccine according 
to current guidelines, preferably before initiation of 
immunomodulator therapy. Dezfoli et al[29], pros
pectively examined 59 consecutive adults with IBD 
who received a booster vaccination for tetanus, 
diptheria and acellular pertussis. Patients were 
categorized based on their level of immunosuppression 
(i.e., no therapy, immunomodulator monotherapy, 
biologic monotherapy, or combined immunomodulator 
and biologic therapy). Outcomes for these patient 
groups were compared with a control group of IBS 
patients receiving mesalamine. Serum antibody titers 
against pertussis toxoid (PT) and pertussis filamentous 
hemagglutinin (FHA) were measured at baseline and 
4 wk after vaccination. Response rates to pertussis 
toxoid were 68% in the mesalamine group, 67% in 
the biologic monotherapy group and 44% in both the 
immunosuppressive monotherapy and combination 
therapy groups. Similarly, 84%, 87%, 69% and 67% 
of the four groups, respectively, achieved response to 
pertussis filamentous hemagglutinin. No difference in 
response rates between patients off medications or on 
biologic monotherapy was noted, as mentioned above. 
However, response to PT was lower in patients on 
immunomodulator monotherapy, and postvaccination 
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Table 3  Risk factors for meningococcal disease

titers were lowest to FHA in those on combined 
immunomodulator and biologic therapy[29].

HUMAN PAPILLOMAVIRUS
Human papillomavirus (HPV) is the most common 
sexually transmitted infection in the world[33]. An 
estimated 20 million persons are currently infected, 
and an estimated 6.2 million new HPV infections occur 
annually[34]. HPV is known to cause genital warts, 
cervical, vulvar, vaginal, penile, anal and oropharyngeal 
cancers. Highrisk types of HPV (e.g., types 16 and 18) 
are associated with 70% of all cervical and anogenital 
cancers.

HPV and IBD
Diagnosis of IBD in women is related to an increased 
risk of abnormal Pap smear[3537]. Immunosuppressive 
therapy and smoking have been shown to exhibit an 
association between IBD and cervical dysplasia rather 
than just the diagnosis of IBD[38,39].

HPV vaccination recommendations
Physician vigilance is especially warranted for IBD 
patients transitioning from pediatric age group. 
Misconception that HPV is not an adult vaccine and 
also assumption that patients might have been 
vaccinated already, may lead to HPV under vaccination. 
Two vaccines are licensed for use in females, bivalent 
HPV vaccine (HPV2) and quadrivalent HPV vaccine 
(HPV4), and one HPV vaccine for use in males (HPV4). 
Vaccination can be used for all IBD patients including 
immunocompromised patients. A complete series for 
either HPV4 or HPV2 consists of 3 doses. The second 
dose should be administered 12 mo after the first 
dose; the third dose should be administered 6 mo 
after the first dose (at least 24 wk after the first dose). 
For females, either HPV4 or HPV2 is recommended in 
a 3dose series for routine vaccination at age 11 or 12 
years, and for those aged 13 through 26 years, if not 
previously vaccinated. HPV vaccination should not be 
administered during pregnancy, but a pregnancy test 
is not required before giving vaccination. If woman is 
found to be pregnant after vaccination, no intervention 
is needed and rest of the series should be delayed till 
after delivery[8]. For males, HPV4 is recommended in 
a 3dose series for routine vaccination at age 11 or 12 

years, and for those aged 13 through 21 years, if not 
previously vaccinated. Males aged 22 through 26 years 
may be vaccinated[4044].

HPV vaccination and IBD
HPV4 vaccine is safe and immunogenic in most women 
with IBD including those on immunosuppressive 
therapy. Jacobson et al[45], administered 3dose HPV 
vaccine to 37 IBD females aged 9 to 26 years on 
immunosuppressive therapy. Geometric mean titers 
(GMTs) were determined before dose 1 and 1 mo 
after dose 3. Seropositivity after dose 3 was 100% 
and GMTs were qualitatively comparable to healthy 
females. No serious adverse events were attributable 
to the vaccine.

MENINGOCOCCAL VACCINE
Neisseria meningitidis causes meningitis and sepsis. 
Risk factors for the development of meningococcal 
disease include antecedent viral infection, household 
crowding, chronic underlying illness, and both active 
and passive smoking[46]. They are listed in Table 3.

Meningococcal disease and IBD
IBD patients with the above risk factors are at increased 
risk for developing meningococcal disease.

Meningococcal vaccine recommendations
The two forms of the meningococcal vaccine include 
polysaccharide vaccine MPSV4 as well as a conjugate 
vaccine MCV4. The MCV4 vaccine is the vaccine of 
choice where indicated because it elicits improved 
primary immune response, as well as strong anamnestic 
response[47]. Administer 2 doses of MCV4 at least 2 mo 
apart to adults with functional asplenia or persistent 
complement component deficiencies. Firstyear college 
students up through age 21 years who are living in 
residence halls should be vaccinated if they have not 
received a dose on or after their 16th birthday. For 
immunocompromised IBD patients, revaccination 
with MCV4 every 5 years is recommended[46]. Human 
immunodeficiency virus (HIV) infection is not an 
indication for MCV4, if vaccinated two doses at least 
2 mo apart should be given[8]. MPSV4 is preferred 
for people aged 56 and older who have not received 
MCV4 previously and who only need a single dose, e.g., 
travelers.

Meningococcal vaccine and IBD
No studies have evaluated the immunogenic profile of 
the meningococcal vaccine in the IBD population.

HEPATITIS B VACCINE
Hepatitis B
Hepatitis B is one of the most common infections 
in the world with approximately two billion people 
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College freshman living in dormitories
   Microbiologists routinely exposed to Neisseria meningitidis
   Military recruits
   Persons who travel to or reside in countries where 
   Neisseria meningitidis is hyper-endemic or epidemic particularly if 
   contact with the local population will be prolonged
   Persons with persistent complement component deficiency
   Persons with anatomic or functional asplenia
   Persons with human immunodeficiency virus infection 
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Table 4  Risk factors for hepatitis

showing an evidence of prior or current infection and 
approximately 1.5 million dying annually from sequelae 
such as cirrhosis and hepatocellular carcinoma[48].

Hepatitis B and IBD
Prior studies comparing the prevalence of HBV in 
healthy controls and IBD patients showed higher 
prevalence of HBV in IBD patients. This was attributed 
to the increased number of blood transfusions, 
endoscopic and surgical interventions for diagnostic 
and therapeutic purposes during the course of the 
disease. However relatively newer studies have 
demonstrated equal prevalence of HBV in IBD patients 
as compared to the general population[4951]. Reactivation 
of chronic HBV also remains a concern in IBD patients 
on immunosuppressants especially those on dual 
immunosupression[52]. Fulminant or fatal infections 
have been reported in patients with IBD receiving 
immunosuppressive treatment[51].

Hepatitis B vaccination recommendations
HBV vaccination is recommended in all IBD adults 
not vaccinated against HBV in childhood or who fall in 
the CDC identified susceptible group shown in Table 
4. CDC 2014 standard recommendation is 0, 1, 4 mo 
regimen[8]. If the combined hepatitis A and hepatitis 
B vaccine (Twinrix) is used, then 3 doses at 0, 1, and 
6 mo are indicated. Alternatively, a 4dose Twinrix 
schedule, administered on days 0, 7, and 2130 
followed by a booster dose at month 12 may be used. 
In immunocompromised IBD adults, 3 doses at 0, 1, 6 

mo schedule with Recombivax HB 40 μg or 4 doses at 0, 
1, 2, 6 mo schedule with 2 doses of 20 μg/mL Engerix 
is advised. Routine serology testing for immunity is not 
required after vaccination in healthy individuals. Post 
vaccination titer testing is recommended for person 
whose subsequent clinical management depends 
on knowledge of their immune status, including 
immunocompromised IBD patients[53]. Serologic testing 
of immunocompromised persons with quantitative 
antiHBs is recommended 12 mo after administration 
of the final dose of the primary vaccine series to 
determine the need for revaccination. A concentration 
of antiHBs ≥ 10 mIU/mL establishes immunity. 
Revaccination of immunocompromised patients is 
achieved by administering Recombivax HB 40 μg/mL 
on a 3dose schedule at 0, 1, and 6 mo or 2 doses 
of EngerixB 20 μg/mL administered simultaneously 
on a 4dose schedule at 0, 1, 2, and 6 mo. Persons 
who do not have a protective concentration of anti
HBs after revaccination should be tested for HBsAg. 
If the HBsAg test result is positive, the person should 
receive appropriate management. Persons who test 
negative for HBsAg should be considered susceptible 
to HBV infection and should be counseled about 
precautions to prevent HBV infection and the need 
to obtain HBIG post exposure prophylaxis for any 
known or likely parenteral exposure to HBsAgpositive 
blood[53]. Immunocompromised persons might need 
annual testing to assess antiHBs concentrations. For 
immunocompromised persons the need for booster 
doses has not been determined. When antiHBs 
levels decline to < 10 mIU/mL, annual booster doses 
should be considered for persons with an ongoing 
risk for exposure[53]. Whenever possible, vaccination 
is recommended before starting treatment with 
immunosuppressive agents, preferably at the time of 
diagnosis.

HBV vaccine and IBD
Unlike healthy adults where the 3dose vaccine 
series produces a protective antibody response in > 
90% subjects[53], immunogenicity in IBD patients, 
particularly those on immunosuppressive therapy, 
has been reported to be low in several studies. 
Melmed et al[18], Vida et al[54], and Altunöz et al[55], 
respectively detected antiHBs antibody in only 33%, 
36% and 76% of immunized IBD patients. Gisbert et 
al[48] assessed the effectiveness of HBV vaccine with 
a double dose at 0, 1 and 2 mo in 241 patients with 
IBD. Response was achieved in only 59% of patients. 
Nyström et al[56] successfully revaccinated HBV vaccine 
nonresponders using a double dose of the combined 
HAV and HBV vaccine. Fortyfour patients who failed 
to mount an appropriate post vaccination response 
to a standard hepatitis B vaccination schedule were 
revaccinated with doubledose combined hepatitis A 
and B vaccine. An adequate rise in antiHBs antibody 
titers was seen in 95% of previous nonresponders.
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Risk factors for 
hepatitis A

Risk factors for hepatitis B

18 yr and older who 
care for an interna-
tional adopted child

Polygamous relationship (e.g., persons with 
more than one sex partner during the previous 

6 mo)
IV and non IV illicit 
drug users

Persons seeking evaluation or treatment for a 
sexually transmitted disease

Homosexual males Current or recent injection-drug users
Chronic liver disease 
patient

Homosexual male

Patients awaiting 
transplant

Health-care personnel and public-safety work-
ers who are potentially exposed to blood or 

other infectious body fluids
Occupational exposure 
to Hep A

All diabetics younger than age 60 yr

Persons who receive clot-
ting factor concentrates

Diabetics 60 yr or older at the discretion of the 
treating clinician

Travel to endemic areas ESRD, HD
Human immunodeficiency virus chronic liver 

disease
Household contacts and sex partners of hepati-

tis B surface antigen positive persons;
clients and staff members of institutions for 

persons with developmental disabilities
International travelers to countries with high or 

intermediate prevalence of chronic HBV infection
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HEPATITIS A VACCINE
Hepatitis A
Hepatitis A is a common worldwide infection commonly 
transmitted via fecooral route.

HAV and IBD
Risk factors for hepatitis A virus infection among 
individuals with IBD are the same as for those without 
IBD[3] (Table 4).

HAV vaccine recommendations
All IBD adults not vaccinated against Hepatitis A 
in childhood who seek protection against this pre
ventable disease or are categorized to be in the CDC 
identified susceptible group, should be offered the 
vaccine. Singleantigen vaccine formulations should 
be administered in a 2dose schedule at either 0 
and 612 mo (Havrix), or 0 and 618 mo (Vaqta). 
If the combined hepatitis A and hepatitis B vaccine 
(Twinrix) is used, administer 3 doses at 0, 1, and 6 
mo; alternatively, a 4dose schedule may be used, 
administered on days 0, 7, and 2130, followed by a 
booster dose at month 12[22].

HAV vaccination and IBD
Hepatitis A vaccine is an inactivated vaccine that is 
safe and well tolerated in IBD patients. Data about 
the immunogeninicity of the vaccine primarily comes 
from pediatric IBD patients. Radzikowski et al[57] 
conducted an open, prospective, and controlled 
study on antiHAVnegative IBD patients aged 218 
years with IBD. HAV vaccine was administered at 0 
mo and at 612 mo. Seroconversion and GMTs were 
measured after each vaccine dose. A total of 134 
subjects (66 patients and 68 controls) completed the 
whole study course consisting of two doses of vaccine 
and six serum samples. There was no significant 
difference in the rate of seroconversion between 66 
IBD patients and 68 controls when measured after the 
second dose of vaccine (97% vs 100%, P = 0.2407). 
6Mercaptopurine (6MP) or azathioprine (AZA) 
treatment with and without steroids did not affect 
seroconversion rates. There were no serious adverse 
events related to HAV vaccination during the study[57].

Twelve anti HAVnegative patients with IBD were 
vaccinated using 0 and 612 mo schedule. An overall 
seroconversion rate of 92% was reported. All of 
the patients were receiving infliximab at the time 
of vaccination. Two of the patients were receiving 
concurrent methotrexate, both of whom responded 
to the HAV vaccine. The authors concluded that 
pediatric IBD patients on a wide variety of medications 
for control of their disease are likely able to respond 
adequately to the HAV vaccine[58]. This seems to be 
questioned in a recent open prospective study that 
evaluated the efficacy of HAV vaccination in 419 anti
HAVnegative adult patients with IBD. It was concluded 

that although HAV vaccination is generally effective in 
patients with IBD, the seroconversion rates are noted 
to be lower in patients receiving antiTNF agents[59].

VARICELLA: CHICKEN POX VACCINE
Varicella: Chicken pox
Primary infection with Varicella Zoster virus (VZV) is 
highly contagious condition. Immunocompromised 
patients are especially at risk for severe infection, 
severe disease occurs in approximately 30% of such 
persons with primary infection[60].

VZV and IBD
Most IBD adults are generally considered to have 
acquired immunity to VZV either from childhood 
infection or vaccination. Interestingly, a 5 year 
retrospective review of charts of the newly diagnosed 
163 IBD patients at University of Buffalo found 
that a total of 66% of all of the patients had a 
history of disease or vaccination. Measurable titers 
against varicella were found in only 77% of all of 
the patients[61]. There have been several reports of 
severe, disseminated and occasionally fatal primary 
varicella infection in immunosuppressed IBD patients. 
Corticosteroids and combination immunosuppression 
appeared to be a particular risk for contracting this 
infection[62].

VZV vaccine recommendations
CDC recommends that all adults without evidence of 
immunity to varicella should receive 2 doses of single
antigen varicella vaccine or a second dose if they have 
received only 1 dose. Adult IBD patients should be 
evaluated for immunity to VZV as soon as the diagnosis 
is made. Table 5 explains how to establish evidence 
of immunity to varicella in adults. Unimmunized, 
immunocompetent IBD adults should receive im
munization with a twodose series of live varicella 
vaccine as above at least 3 wk before the start of 
immunosupressive therapy. For immunocompromised 
patients, livevirus varicella vaccine is contraindicated 
until immunosuppressive therapy has been discontinued 
for at least 3 mo[1,22,63].

VZV vaccination in IBD
Data about the immunogenicity and safety of this 
live vaccine especially in immunocompromised IBD 
patients remains scarce. In 2008, Levin[64] analyzed 
clinical trials of varicella vaccine administration to 
immunocompromised children that were reported 
since 1975. It was suggested that varicella vaccine is 
safe and effective in immunocompromised patients. 
This has been most successful when vaccination 
occurs during periods of limited immune suppression, 
such as before treatment with immunosuppressive 
therapy, when therapy is stopped temporarily, or when 
maintenance immune suppression is low. However, 
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Table 5  Evidence of immunity to varicella in adults includes 
any of the following

in patients with IBD receiving immunosuppressants, 
temporary withdrawal from immunosuppression might 
pose considerable risks of disease recurrence or flare. 
Therefore in immunocompromised IBD patients at 
increased risk of exposure to varicella e.g., primary 
school teachers, healthcare workers and patients with 
no prior immunity, the risks of acquiring the infection 
need to be weighed against the potential risks and 
benefits of vaccinations[18,51].

ZOSTER: SHINGLES VACCINE
Herpes zoster
After primary infection, VZV persists as a latent 
infection in sensory nerve ganglia. The virus can 
reactivate after a period of latency, causing herpes 
zoster (HZ) especially in the elderly and those who are 
immunocompromised. The most common complication 
of shingles is postherpetic neuralgia. Other less 
common complications include meningoencephalitis, 
cerebellitis, herpes zoster ophthalmicus, and Ramsay
Hunt syndrome. In immunocompromised individuals, 
reactivation can be complicated by disseminated 
infection and can be potentially fatal[65].

HZ and IBD
Patients with IBD, especially those on immun
osuppression, are at increased risk for herpes zoster. 
Gupta et al[66], in their retrospective cohort and 
nested casecontrol study demonstrated that patients 
with IBD, especially those on immunosuppressive 
medications, are at higher risk for herpes zoster 
compared with the general population. In another 
large retrospective cohort and nested casecontrol 
study including more than 100000 patients, Long 
et al[67], found an increased risk of HZ among IBD 
patients as compared to nonIBD patients. Use of 
thiopurines, antiTNF agents, combination therapy and 
corticosteroids increases HZ risk.

HZ vaccine recommendation
A single dose of zoster vaccine for all IBD adults 60 
years and older, regardless of previous shingles. HZ 
vaccine is contraindicated in immunosuppressed 
patients. However, the current ACIP recommendations 
report that patients receiving shortterm (i.e., < 
14 d) or lowtomoderate dose (i.e., < 20 mg/d) 

corticosteroid therapy are not considered to be 
sufficiently immunosuppressed to justify avoiding 
the live zoster vaccine. This is also applicable to 
patients on lowdose methotrexate (i.e., ≤ 0.4 mg/
kg per week), azathioprine (≤ 3.0 mg/kg per day), 
or 6mercaptopurine (≤ 1.5 mg/kg per day)[65]. This 
opinion does not extend to other live vaccines and 
patients on antiTNF therapy[68].

HZ vaccine and IBD
Zhang et al[69], examined the association between HZ 
vaccine and HZ incidence within and beyond 42 d after 
vaccination in patients with selected immunemediated 
diseases and in relation to biologics and other 
therapies used to treat these conditions. Retrospective 
cohort study of 463541 Medicare beneficiaries 60 
years and older with 66751 patients with inflammatory 
bowel disease were included in the study. Receipt 
of HZ vaccine was not associated with a shortterm 
increase in HZ incidence among Medicare beneficiaries 
with selected immunemediated diseases, including 
those exposed to biologics. The vaccine was associated 
with a lower HZ incidence over a median of 2 years of 
followup.

MEASLES, MUMPS, RUBELLA VACCINE
Measles, mumps, rubella
The developed world has seen a remarkable drop in 
the incidence of measles, mumps, rubella (MMR) after 
the introduction of universal vaccination protocols[70].

MMR and IBD
Even though immunocompetent IBD patients do not 
appear to be at higher risk than general patients, 
measles can be severe and prolonged among immu
nocompromised persons[71]. Naganuma et al[72], in 
their study of IBD patients found a significant number 
of patients seronegative for rubella, measles and 
mumps (30%, 34%, and 37% respectively). Almost 
30% of the patients with a past history of rubella or 
measles did not have seropositive antibody levels 
and a total of 54% of the patients being treated with 
immunosuppressant displayed seronegative levels of 
antibodies specific for at least one of the viruses.

MMR vaccine recommendations
Individuals born before 1957 are considered immune 
to measles and mumps. Immunity is established by 
documenting lab titers, clinically diagnosed disease 
is not acceptable as an evidence of MMR immunity. 
CDC 2014 guidelines recommend that all adults 
born in 1957 or later should have documentation 
of 1 or more doses of MMR vaccine (unless vaccine 
is contraindicated) if they have not already been 
vaccinated in childhood. MMR vaccine is contraindicated 
in immunocompromised IBD patients and considering 
the risk for prolonged viremia, vaccine should not be 
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Documentation of 2 doses of varicella vaccine at least 4 wk apart
United States-born before 1980 except health-care personnel and preg-
nant women
History of varicella based on diagnosis or verification of varicella dis-
ease by a health-care provider
History of herpes zoster based on diagnosis or verification of herpes 
zoster disease by a health-care provider
Laboratory evidence of immunity or laboratory confirmation of disease
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Table 6  Live attenuated vaccines with recommended times of 
administration[2]

given to patients expected to start immunosuppressive 
agents in < 6 wk[73]. The MMR vaccine is considered 
safe for household contacts of immunosuppressed 
persons with IBD[74].

MMR vaccine and IBD
Early on there was concern about a possible link 
between measles virus containing vaccines and 
inflammatory bowel disease (IBD). This was raised by 
Thompson et al[75] in 1995 when their study in United 
Kingdom suggested that measles virus containing 
vaccine recipients had an up to 3fold increased risk 
for subsequently developing Crohn’s disease and 
ulcerative colitis. However several larger studies have 
now demonstrated that there is no increased risk of 
IBD with MMR vaccination[76,77] ACIP concurs with the 
conclusion[71].

TIMING OF LIVE VACCINE IN PATIENTS 
ON IMMUNOSUPPRESSIVE THERAPy OR 
CONSIDERING INITIATION
Timing of live vaccines is particularly important when 
dealing with IBD patients on immunosuppressants or 
those with plans to start immunosuppression. Table 
6 provides general considerations for timing of live 
immunization in IBD patients[2].

SPECIAL SITUATIONS SUCH AS 
PREGNANCy, HOUSEHOLD CONTACTS 
AND THE TRAVELER wITH IBD
Within IBD patients, special population groups 
such as pregnant patients, household contacts of 
immunocompromised patients and travelers pose 
special challenges. In general, it is recommended that 
the household contacts of immunocompromised IBD 
patients be vaccinated according to recommended 
guidelines. However if a live vaccine is administered, 
an immunocompromised patient may be predisposed 
to exposure from the vaccinated family member. If 
the vaccinated household contact is noticed to have 
a rash that developed after a live vaccine as varicella, 
standard contact precautions should be observed. An 
IBD traveler may warrant evaluation by an infectious 
disease specialist or travel medicine specialist. Table 7 
details recommended vaccines for IBD traveler.

Pregnancy safety categories are applicable to all 
vaccinations and are a helpful guide to a physician 
when administering vaccines to this subgroup. Table 8 
summarizes pregnancy safety categories of different 
vaccines. An immunocompromised mother caring 
for a newborn should be aware of live vaccines that 
are administered to newborns and can inadvertently 
expose her to live pathogens as Rotavirus vaccines. 
Administration of one dose of Tdap vaccine to pregnant 
women during each pregnancy (preferred during 2736 
wk gestation), regardless of number of years since prior 
Td or Tdap vaccination is recommended. HPV vaccines 
are not recommended for use in pregnant women. 
Pregnant women should be assessed for evidence of 
varicella immunity. Women who do not have evidence 
of immunity should receive the first dose of varicella 
vaccine upon completion or termination of pregnancy 
and before discharge from the healthcare facility. 
The second dose should be administered 48 wk 
after the first dose[23]. For women of childbearing 
age, regardless of birth year, rubella immunity should 
be determined. Pregnant women who do not have 
evidence of immunity should receive MMR vaccine 
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Vaccine Before initiation of 
immunosuppressive 

therapy

Already on immunosuppressive 
therapy

MMR Contraindicated if 
plans to start therapy 

in 6 wk

Contraindicated

Zoster Contraindicated if 
plans to start therapy 

in 1-3 mo

Contraindicated-could consider if:
On short-term corticosteroids (< 14 d)

On Methotrexate (< 0.4 mg/kg per 
week)

On Azathioprine (< 3.0 mg/kg per 
day)

On 6-mercaptopurine (< 1.5 mg/kg 
per day)

Varicella Contraindicated if 
plans to start therapy 

in 1-3 mo

Contraindicated

Table 7  Inflammatory bowel disease traveler

Vaccine Type Travel related indication

Yellow fever Live Parts of South America and 
Sub-Saharan Africa

Typhoid Live and 
inactivated

Asia, Africa, Latin America, 
The Caribbean, and Oceaniapolio

influenza
BCG vaccine Live Highly endemic area > 1 yr
Hepatitis A inactivated Central or South America, 

Mexico, Asia (except Japan), 
Africa, and Eastern Europe

Meningococcal vaccine Inactivated Africa
Japanese encephalitis 
virus

Inactivated Rural Japan

Chaudrey K et al . Vaccinations recommended for adult IBD patients
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Table 8  Vaccination in pregnancy

upon completion or termination of pregnancy and 
before discharge from the healthcare facility.

CONCLUSION
Vaccinations offer immunity against preventable 
diseases. A diligent effort should be made to vaccinate 
all IBD patients. Immunompromised IBD patients 
are at a higher risk of infection with vaccine pre
ventable diseases. Optimally, these patients should 
be vaccinated before immunosuppressive therapy 
is initiated. Live vaccines are contraindicated in 
immunocompromised patient due to risks of vaccine
associated infection. Despite the concerns for impaired 
immune response in immunocompromised IBD patients, 
most of these patients develop adequate response 
after vaccination. Table 9 provides a quick reference 
guide for vaccinating IBD patients.
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Abstract
Hyponatremia is frequently seen in patients with 
ascites secondary to advanced cirrhosis and portal 
hypertension. The development of ascites in patients 
with cirrhosis is multi-factorial. Portal hypertension and 
the associated systemic vasodilation lead to activation 

of the sodium-retaining neurohumoral mechanisms 
which include the renin-angiotensin-aldosterone 
system, sympathetic nervous system and antidiuretic 
hormone (ADH). The net effect is the avid retention of 
sodium and water to compensate for the low effective 
circulatory volume resulting in the development of 
ascites. Although not apparent in the early stages 
of cirrhosis, the progression of cirrhosis and ascites 
leads to impairment of the kidneys to eliminate solute- 
free water. This leads to additional compensatory 
mechanisms including non-osmotic secretion of ADH, 
also known as arginine vasopressin, further worsening 
excess water retention and thereby hyponatremia. 
Hyponatremia is associated with increased morbidity 
and mortality in patients with cirrhosis, and is an 
important prognostic marker both before and after 
liver transplant. The management of hyponatremia 
in this setting is a challenge as conventional therapy 
for hyponatremia including fluid restriction and loop 
diuretics are frequently inefficacious. In this review, 
we discuss the pathophysiology and various treatment 
modalities, including selective vasopressin receptor 
antagonists, for the management of hyponatremia in 
patients with cirrhosis.

Key words: Hyponatremia in cirrhosis; Dilutional hypo-
natremia; Hypervolemic hyponatremia; Vasopressin 
receptor antagonists; Vaptans

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Hyponatremia is the most common electrolyte 
abnormality observed in hospitalized patients and is a 
common finding in patients with advanced cirrhosis. 
The management of hyponatremia in cirrhosis is 
challenging as conventional therapy for hyponatremia 
including fluid restriction and loop diuretics are 
frequently inefficacious. Vaptans, drugs that selectively 
antagonizes the effects of arginine vasopressin on the 
V2 receptors in the kidney tubules, represent a logical 
step in the treatment of hyponatremia. The currently 
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available vaptans, however, are not approved for use 
in patients with cirrhosis due to the increased risk for 
hepatic failure and mortality.

John S, Thuluvath PJ. Hyponatremia in cirrhosis: Pathophysiology 
and management. World J Gastroenterol 2015; 21(11): 3197-3205  
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i11/3197.htm  DOI: http://dx.doi.org/10.3748/wjg.v21.i11.3197

INTRODUCTION
Hyponatremia is the most common electrolyte ab
normality observed in hospitalized patients[1]. Hypo
natremia in cirrhosis is currently defined as a serum 
sodium level of less than 130 meq/L[2]. It has been 
suggested that the prevalence of a serum sodium 
concentration less than 135, 130 and 120 meq/L in 
patients with cirrhosis and ascites is 49.4%, 21.6% 
and 1.2%, respectively[3]. Patients with cirrhosis may 
develop hyponatremia due to either hypovolemia 
(example: loss of extracellular fluid due to diuretics) or 
hypervolemia (expanded extracellular fluid volume due 
to the inability of the kidneys to excrete solutefree water 
proportionate to the amount of free water ingested). In 
this review, we will discuss the pathogenesis, prognostic 
value and management of dilutional hyponatremia 
(hypervolemic hyponatremia) in patients with cirrhosis 
and portal hypertension.

PATHOGENESIS
Systemic vasodilation
Systemic vasodilation and arterial underfilling play a 
major role in development of hyponatremia in patients 
with cirrhosis and portal hypertension (Figure 1). A 
hyperdynamic circulation, characterized by an increased 
cardiac output, markedly reduced systemic vascular 
resistance and reduced mean arterial pressure, is 
a common cardiovascular physiological manifestation of 
patients with cirrhosis and advanced portal hypertension[4,5]. 
The marked reduction in vascular resistance predominantly 
involves the splanchnic arterial circulation[6]. The opening 
of portasystemic collaterals[5] and the increased synthesis 
of circulating vasodilators, including nitric oxide (NO), 
glucagon, vasoactive intestinal peptide, substance P, 
platelet activating factor, prostaglandins and pro
stacyclins play a crucial role in the pathogenesis of 
splanchnic vasodilation[7] (Figure 2). The accumulating 
circumstantial evidence favors a key role for NO in the 
pathogenesis of splanchnic vasodilation in patients with 
advanced cirrhosis and portal hypertension[810]. The 
activation of nitric oxide synthase in the endothelial cells 
is multifactorial, which include mechanical stimuli due 
to ‘shear stress’, vascular endothelial growth factors, 
tumor necrosis factor alpha, and more importantly 
endotoxins or bacterial DNA[11,12] that are less efficiently 

cleared from the gastrointestinal tract due to portal 
systemic shunting and defective reticuloendothelial cell 
function in cirrhosis.

It has been suggested that endotoxemia may be 
a causative factor for increased systemic prostacyclin 
synthesis, and could be reversed to some extent by 
antibacterial agents[13]. It is possible that when one of 
the vasoactive mediators, such as NO or prostacyclin, 
is inhibited, other vasoactive pathways such as the 
angiotensinⅡ, norepinephrine, vasopressin and 
the augmented sympathetic tone, are upregulated 
thereby preventing the correction of the splanchnic 
vasodilation. The complex relationship among these 
vasoactive systems implies that no one factor is likely 
to be solely responsible for the splanchnic vasodilation 
seen in patients with portal hypertension. This may 
explain the difficulty in developing pharmacological 
agents to counteract splanchnic vasodilation.

Water balance and role of antidiuretic hormone (also 
known arginine vasopressin)
The total body water and osmolality are maintained 
within normal limits in such a way that an increase 
in water intake (normally 1.53 L/d; may vary from 
0.5-20 L/d under extreme conditions) is followed by 
an increase in renal solutefree water excretion and a 
decrease in water intake is ensued by a decrease in 
free water excretion. The serum osmolality (and hence 
serum sodium) is tightly regulated primarily at the 
level of hypothalamus via the release of antidiuretic 
hormone (ADH). A rise or fall in serum osmolality is 
accompanied by a corresponding increase or decrease 
of ADH secretion. Under normal physiologic conditions, 
the kidneys are in a state of antidiuresis with a 24h 
urine osmolality higher than plasma osmolality[14].

The collecting duct has minimal water permeability 
under normal conditions, but permeability increases 
when ADH is released in response to hyperosmolality 
and hypovolemia. The enhanced binding of vasopressin 
to the V2 receptors on the basolateral membrane of the 
cells lining the renal collecting ducts leads to production 
of cyclic AMP and subsequent activation of protein kinase 
A. This in turn phosphorylates microtubular subunits that 
aggregate to form specific water channel, aquaporin-2 
(AQP-2), that are translocated from the cytoplasmic 
vesicles to the apical plasma membrane. This process 
allows the reabsorption of large volumes of water from 
the collecting duct, which leads to an increase in body 
water content and hypervolemic hyponatremia[1520] 

(Figure 3). Under physiologic conditions, when serum 
osmolality increases, ADH secretion increases, aquaporin 
channels in the renal collecting duct are activated, 
resulting in water reabsorption. A fall in serum osmolality 
leads to inactivation of the renal aquaporin channels 
and excretion of dilute urine to maintain the volume 
status and serum osmolality. The rapid adaptation of the 
free water excretion depends on the presence of intact 
osmoreceptors in the anterior hypothalamus, the release 
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of ADH and the appropriate interaction between the ADH 
and AQP-2.

ADH is a polypeptide hormone that is synthesized 
in the supraoptic and paraventricular nuclei of the 
hypothalamus and stored in the posterior pituitary gland. 
Increased plasma osmolality and hypovolemia are the 
principal physiological stimuli for vasopressin secretion. 

Thus both osmotic and nonosmotic stimulations regu
late ADH release. The osmotic pathway is mediated via 
osmoreceptors located in the anterior hypothalamus 
close to the supraoptic nuclei. These receptors sense 
the intracellular water content in the neurons (by their 
swelling and shrinking) and respond linearly to the 
changes in plasma osmolality[21]. The major nonosmotic 

3199 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

Cirrhotic portal hypertension

Portosystemic 
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Na retention and renal vasoconstriction

Tubular Water Resorption and Solute-free Water Retention

Dilutional/Hypervolemic hyponatremia

Figure 1  Proposed mechanisms for the development of hyponatremia. SNS: Sympathetic nervous system; RAAS: Renin-angiotensin-aldosterone system; NO: 
Nitric oxide; RES: Reticuloendothelial system; PG: Prostaglandin; AVP: Arginine vasopressin; ADH: Antidiuretic hormone.

Vasodilators:
   Nitric oxide
   Glucagon
   Prostacyclin
   Prostaglandin E2
   Kallikrein-kinin system
   Atrial Natriuretic Peptide
   Adrenomedullin
   Calcitonin gene-related peptide
   Vasoactive Intestinal Polypeptide
   Substance P
   Platelet activating factor

Vasoconstrictors:
   ADH
   Endothelin-1
   Thromboxane A2
   Angiotensin Ⅱ
   Leukotrienes
   Adenosine
   Noradrenaline
   Neuropeptide Y

Splanchnic arterial vasodilation
Excessive response to 

vasodilators
Resistance to 

vasoconstrictors

Figure 2  Mechanisms involved in the splanchnic vasodilation in cirrhosis. ADH: Antidiuretic hormone.
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Table 1  Vasopressin receptors

pathway for ADH release involves the autonomic nervous 
system which is mediated via the baroreceptors located 
in the atria, ventricle, aortic arch, and carotid sinus. 
These baroreceptors communicate to the hypothalamus 
via parasympathetic pathways and cause a release of 
ADH in response to hypovolemia. Please refer to Table 1 
for the details of vasopressin receptor subtypes.

Non-osmotic stimulation of renin-angiotensin-
aldosterone system, sympathetic nervous system and 
ADH
The systemic/splanchnic vasodilation and arterial under
filling in patients with cirrhosis and portal hypertension 
lead to a decrease in the effective circulatory volume and a 
reduction in stretch at the carotid and renal baroreceptors. 
In order to restore the effective circulatory volume, the 
sodiumretaining neurohumoral mechanisms, such as 
the reninangiotensinaldosterone system, sympathetic 
nervous system and ADH, are activated leading to maximal 
retention of sodium and water.

Water and sodium retention secondary to impaired 
renal elimination of solutefree water clearly has been 
shown to occur in decompensated cirrhotic patients 
with ascites and edema. This impairment could be 
subclinical and only detected by a water loading test 
in compensated cirrhosis[2226]. The role that ADH 

plays in mediating this abnormal water excretion was 
studied by Bichet et al[27] who measured plasma ADH 
concentrations before and after the water load test in 
cirrhotic patients with and without ascites. There was 
a significant difference in the inability to suppress ADH 
after the water load test in decompensated cirrhotic 
patients with ascites as compared to compensated 
cirrhotic patients, despite the presence of a low serum 
osmolality in decompensated cirrhotic patients.

The relative role of osmotic and nonosmotic path
ways for the hypersecretion of ADH in patients with 
cirrhosis has been debated. Most cirrhotic patients 
have low serum osmolality and sodium levels, and one 
would expect to see suppression of ADH release if the 
stimulation was primarily from the osmoreceptors[2]. 
The ADH, norepinephrine, and aldosterone levels 
as well as renin activity were significantly higher in 
cirrhotic patients with ascites after the water load 
test implying that there was activation of the sodium
retaining neurohumoral mechanisms. It appears that 
the decrease in systemic vascular resistance leads to 
effective arterial underfilling, which causes baroreceptor 
mediated nonosmotic stimulation of ADH and other 
vasoconstricting systems leading to the activation of 
sodium retaining neurohumoral mechanisms in order to 
restore perfusion pressure[6]. These findings may suggest 
that the hypo-osmotic stimuli to suppress ADH release 
are overridden by the nonosmotic stimuli secondary 
to arterial under filling[28]. Thus in order to prevent 
impending vascular collapse from effective circulatory 
volume depletion, the body sacrifices the osmolar 
homeostasis and releases ADH in response to the non-
osmotic stimulus of the endogenous vasoconstrictor 
agents. The net result is enhanced sodium and water 
retention to correct the depletion of circulatory volume 
and this occurs despite the presence of increased total 
body extracellular sodium, plasma volume, and cardiac 
output. As suppression of ADH release is required to 
excrete a water load, the inability of kidneys to excrete 
water in the presence of the nonosmotically triggered 
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ADH release leads to the development of a dilutional or 
hypervolemic hyponatremia. Thus the hyponatremia in 
this patient population is purely dilutional and does not 
reflect a sodium deficient state.

Many other factors including elevated atrial natriuretic 
peptide[29], decreased renal production of PGE2[3034] and 
decreased metabolism of ADH have been implicated in 
the development of hyponatremia in cirrhosis[35,36].

Prognostic value of hyponatremia in cirrhosis
In patients without cirrhosis, hyponatremia depending on 
its severity may lead to a range of symptoms including 
mild cognitive dysfunction, falls, seizures, coma and 
very rarely death[37]. Hyponatremia in cirrhosis is a 
chronic process and this allows the brain to adapt to 
the hypo-osmolality of the extracellular fluid. The most 
important factor in determining the severity of neurologic 
symptoms in patients with hyponatremia is the acuity of 
fall of serum sodium rather than the absolute reduction 
of serum sodium. Hence patients with cirrhosis and 
hyponatremia are less likely to have severe neurologic 
symptoms[38]. However, hyponatremia may pose a 
second osmotic hit to cerebral edema and astrocyte 
swelling, in addition to the astrocyte dysfunction caused 
by increased intracellular glutamine concentration from 
ammonia metabolism, thereby precipitating hepatic 
encephalopathy[38].

The quality of life is poor in patients with cirrhosis 
and hyponatremia due to the requirement for strict 
fluid restriction. Hyponatremia has been found to be 
an independent predictive factor of the impaired health 
related quality life[39] as well as hepatic encephalopathy[40]. 
Numerous studies have shown that the severity of 
hyponatremia and ascites is a major determinant of 
disease severity and prognosis in cirrhosis[26,4148]. In 
one study, the serum sodium level before the onset 
of spontaneous bacterial peritonitis (SBP) was an 
independent predictor of renal failure triggered by SBP[49]. 
It has also been suggested that serum sodium is an earlier 
and more sensitive test than serum creatinine to detect 
circulatory dysfunction resulting in renal failure and/or 
death[47]. Although patients with hyponatremia are at a 
very high risk for developing hepatorenal syndrome, low 
serum sodium in hepatorenal syndrome is not only due 
to high ADH levels but also due to decreased GFR and 
proximal sodium reabsorption[38].

Patients with hyponatremia were found to have 
a higher risk of early death before transplantation 
independent of the severity of cirrhosis as assessed by 
the MELD scores[48]. Hence, some investigators have 
advocated an expedited liver transplantation under a 
‘sickest first’ model in cirrhotic patients with MELD scores 
below 21, persistent ascites and hyponatremia[48]. It has 
been suggested that serum sodium could be incorporated 
into the MELD score[48], and this may provide a more 
accurate survival prediction than MELD alone[50]. Other 
studies have also identified hyponatremia to be a risk 
factor for increased morbidity and mortality after liver 
transplantation[51,52].

TREATMENT
Management of hyponatremia in the presence mode-
rate to severe ascites is challenging for both physicians 
and patients. Hypovolemic hyponatremia should 
be treated with fluid resuscitation to restore the 
circulatory volume and withdrawal of the precipitating 
factor (usually diuretic therapy). On the other hand, 
hypervolemic/dilutional hyponatremia in cirrhosis is 
ideally managed with fluid restriction and measures 
to enhance the renal solutefree water excretion. The 
majority of patients find it difficult to adhere to fluid 
restriction, and discontinuation of diuretics may further 
worsen ascites and hydrothorax requiring repeated 
paracentesis or thoracocentesis.

Rapid correction (> 9 mEq/L in 24 h) of serum 
sodium may lead to serious neurological complications 
such as central pontine myelinolysis or seizures. 
Hyponatremia could pose significant risk to patients 
if they were to undergo liver transplantation where 
it is not always possible to maintain fluctuations in 
serum sodium levels to less than 10 mEq/L over 24 
h. However, treatment for hyponatremia is indicated 
when the serum sodium is less than 120 meq/L or the 
patient has neurologic symptoms that might be due to 
hyponatremia. The general principles of the treatment 
of hyponatremia are broadly outlined below.

Water restriction
The mainstay of therapy of hyponatremia in patients 
with cirrhosis is fluid restriction (1-1.5 L/d) to a 
level sufficient to induce a negative water balance. 
Fluid restriction should be considered if the patient 
has neurologic symptoms that might be due to 
hyponatremia or when the serum sodium is less than 
120 mEq/L, which occurs in about 1% of patients 
with cirrhosis[3]. There is no role for routine free 
water restriction in patients with mild, asymptomatic 
hyponatremia. To be effective, fluid intake should be 
less than urine output to account for the endogenous 
production of water by the body. In the authors’ 
experience, compliance with fluid restriction is poor in 
these patients even in the hospital setting and often 
difficult to achieve. Patients on strict fluid restriction 
may be encouraged to suck on ice chips or lollipops 
to quench the thirst. A good indicator of adequate 
water restriction is the change in plasma sodium 
concentration within the first 24-48 h. If there is no 
increase in the plasma sodium levels within the first 
4872 h, either the patient is not following the water 
restriction or a stricter water restriction is needed. 
Sodium restriction (2 g/d) should be continued in 
addition to fluid restriction as these patients also have 
ascites.

Hypertonic saline
Hypertonic saline is indicated only in symptomatic 
patients who are intolerant or unresponsive to free 
water restriction, those with profound hyponatremia (< 
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110 mEq/L), or within hours of liver transplantation to 
prevent the likelihood for an emergent rapid correction 
in the operating room when the serum sodium levels 
are somewhat higher (between 120-130 mEq/L). 
Extreme care should be exercised not to overcorrect the 
serum sodium levels above 9 mEq/L per 24 h to avoid 
the risks of central pontine myelinolysis, quadriplegia, 
coma or death. As hypertonic sodium chloride infusion 
leads to increasing ascites and edema, it is usually 
not recommended for the treatment of hypervolemic 
hyponatremia, except in cases of profound hyponatremia 
as discussed above.

Correction of hypokalemia
Correction of hypokalemia also appears to be important in 
patients with cirrhosis and hyponatremia for two reasons: 
hypokalemia promotes the development of hepatic 
encephalopathy; correction of hypokalemia tends to raise 
serum sodium concentration. Hypokalemia predisposes 
to hepatic encephalopathy by at least two mechanisms: 
hypokalemia increases renal ammonia synthesis; the 
concomitant alkalemia increases the fraction of unionized 
ammonia in the plasma. As potassium is as osmotically 
active as sodium, supplementation of potassium can 
raise serum sodium and osmolality in patients with 
hyponatremia[53].

Albumin infusion
Intravenous albumin infusion might be useful in the short 
term, although long term use has not been studied and 
this approach is expensive and impractical[54].

Pharmacological therapy
The objectives of pharmacological therapy are to 
increase solutefree water excretion. There have 
been many attempts to achieve this goal with varying 
success rates, and this is a field in evolution. The 
target of pharmacological therapy has focused on the 
release or action of ADH [arginine vasopressin (AVP)]. 
The potential options include use of κopioid agonists 
to block the central release of ADH, blockade of the 
V2 receptor of ADH with specific antagonists; and 
finally alteration of the effect of ADH at the level of the 
collecting duct in the kidney. Democycline could block 
the action of ADH in the collecting ducts, but could 
cause renal failure and hence is not recommended.  
Therefore only κopioid agonists and V2 receptor 
antagonists have been studied in both animals and 
humans.

κ-opioid agonists
κ-opioid agonists inhibit ADH release from the neu-
rohypophysis, and have been shown to exert an 
aquaretic effect in animal models and in patients with 
cirrhosis. In the only human study, niravoline (0.52 
mg, iv) was given to 18 patients with cirrhosis[55,56]. 
There was a marked aquaretic effect between 1 and 2 
h after administration with a return to basal values at 

24 h[57]. The aquaretic effect was not sustained, and 
moreover, it was associated with major neurological 
side effects including personality disorders and mild 
confusion. Hence, no large scale studies have been 
performed with κopioid agonists.

Vasopressin receptor antagonists or vaptans
The biologic effects of AVP (ADH) are mediated via 
specific receptors called V1a, V1b, and V2 receptors as 
discussed earlier in this review. Anti-diuretic properties 
of ADH are mediated primarily through the V2 receptors, 
which are found exclusively in the renal collecting 
ducts. Activation of V2 receptors is responsible for water 
reabsorption. The development of V2 receptor antagonists 
was therefore a logical step in the management of fluid 
overload and hyponatremia as effective V2 receptor 
antagonists could theoretically produce pure aquaresis 
(Figure 3).

The initial studies on vaptans in cirrhosis were done 
on patients with cirrhosis without hyponatremia[13,58]. 
These studies demonstrated the efficacy of oral 
vaptans in increasing the urine volume and solutefree 
water excretion resulting in a negative fluid balance. 
The subsequent studies with vaptans have consistently 
demonstrated their efficacy in improving serum sodium 
levels in the short term[5964], but with increased risk for 
mortality in patients with cirrhosis, as explained below.

Tolvaptan, satavaptan and lixivaptan are all oral 
agents which selectively block the V2 receptor. The 
intravenous agent, conivaptan, which blocks both V2 
and V1 receptors may lead to further reduction in blood 
pressure, increase the risk of variceal bleeding via the 
V1a receptor blockade[65]. Tolvaptan is a selective non
peptide V2 receptor antagonist and when this drug was 
added to standard diuretic therapy for periods ranging 
from 25 to 60 d in patients with heart failure[61,63], 
treated patients had significantly lower weight and 
improvement in edema as well as serum sodium levels 
compared to those who received placebo. This drug 
was initially approved by the United States Food and 
Drug Administration (FDA) for use in hyponatremia 
based on a randomized controlled trial involving a 
predominant patient population comprising of those 
with congestive heart failure. Sixty three patients 
with cirrhosis with a CTP score less than 10 and 
serum sodium less than 120 were also included in 
the above study[61]. However, based on the findings 
of multicenter trials evaluating the effect of tolvaptan 
on the progression of disease in polycystic kidney 
disease[66,67], the FDA determined that tolvaptan 
should not be used in patients with liver disease or 
cirrhosis due to the risks for liver failure and death. 
Similarly, a one year followup study on patients on 
satavaptan showed increased mortality compared to 
placebo, resulting in withdrawal of the drug by the 
pharmaceutical company[68].

Domeclocycline, another ADH antagonist, which 
increased free water excretion and thus corrects 
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hyponatremia, should not be used in cirrhosis due to 
its nephrotoxic potential[69]. Since most patients with 
hyponatremia have advanced cirrhosis, the sideeffect 
profile of single dose-finding studies must be interpreted 
with caution, as in the case of the preliminary studies 
on vaptans, because adverse events are more likely to 
occur after long term administration in an unselected 
population with greater comorbidities.

Terlipressin, by virtue of its strong effect on vaso
pressin V1 receptor, has therapeutic potential in 
portal hypertensive bleeding as well as hepatorenal 
syndrome. Terlipressin is also a partial agonist of renal 
vasopressin V2 receptors and acute reduction in serum 
sodium level has been documented in patients who are 
initiated on terlipressin[70]. The resultant hyponatremia, 
although severe in some patients, is usually reversible 
after withdrawal of terlipressin therapy. Hence serum 
sodium levels should be monitored while patients are 
on therapy with terlipressin.

CONCLUSION
Hyponatremia is very common in patients with cirrhosis 
and the routine correction of asymptomatic hyponatremia 
is not recommended. The main indications for correction 
of hyponatremia are presence of neurologic symptoms 
that might be due to hyponatremia and serum sodium 
less than 120 mEq/L. The only exception is in patients 
who are likely to receive liver transplantation within hours 
when their serum sodium concentration is less than 130 
mEq/L to avoid rapid correction in the operating room as it 
may be associated with serious neurological complications. 
Correction of hypokalemia and fluid restriction are the 
mainstays of treatment. Administration of hypertonic 
saline may be considered in a monitored setting to correct 
profound hyponatremia (serum sodium < 110 mEq/
L) and in the immediate pre-liver transplant period to 
prevent the risk of osmotic demyelination syndrome. No 
vasopressin receptor antagonist is currently approved by 
the FDA for treatment of hyponatremia in patients with 
liver disease or cirrhosis. The availability of selective and 
efficacious oral V2 receptor antagonists, without major side 
effects, will be a major development for the management 
of hyponatremia.
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Abstract
There are 33 human tetraspanin proteins, emerging 
as key players in malignancy, the immune system, 
fertilization, cellular signaling, adhesion, morphology, 
motility, proliferation, and tumor invasion. CD9, a 
member of the tetraspanin family, associates with and 
influences a variety of cell-surface molecules. Through 
these interactions, CD9 modifies multiple cellular 
events, including adhesion, migration, proliferation, and 
survival. CD9 is therefore considered to play a role in 
several stages during cancer development. Reduced 
CD9 expression is generally related to venous vessel 
invasion and metastasis as well as poor prognosis. We 

found that treatment of mice bearing human gastric 
cancer cells with anti-CD9 antibody successfully inhibited 
tumor progression via  antiproliferative, proapoptotic, and 
antiangiogenic effects, strongly indicating that CD9 is a 
possible therapeutic target in patients with gastric cancer. 
Here, we describe the possibility of CD9 manipulation as 
a novel therapeutic strategy in gastric cancer, which still 
shows poor prognosis.

Key words: CD9; Tetraspanin; Gastric cancer; Tumo-
rigenicity; Therapeutic target
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Core tip: Tetraspanin CD9 is a cell-surface protein with 
four transmembrane domains and is found in several 
organs. Although CD9 was primarily identified as a 
tumor suppressor, it exhibits diverse functions through 
its association with various partner proteins. CD9 
relates to tumor proliferation, apoptosis, migration, 
adhesion, and angiogenesis, therefore involving several 
steps of tumor formation: communication with the 
environment, dissemination, and metastasis. In this 
review, we describe the possibility of CD9 manipulation 
as a novel therapeutic strategy to improve clinical 
outcome in gastric cancer.

Murayama Y, Oritani K, Tsutsui S. Novel CD9-targeted 
therapies in gastric cancer. World J Gastroenterol 2015; 
21(11): 32063213  Available from: URL: http://www.wjgnet.
com/10079327/full/v21/i11/3206.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3206

INTRODUCTION
Gastric cancer is one of the most common malignancies, 
remaining a major public health issue as the fourth 
most common cancer and the second leading cause 
of cancer death worldwide[1], with a particularly high 
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Table 1  CD9 associated with partner proteins
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incidence in Japan, China, South Korea, Chile and 
Costa Rica. The large regional incidence variations 
possibly reflect different prevalences of Helicobacter 
pylori infection, which is responsible for > 60% of 
gastric cancer globally. Advanced gastric cancer is an 
aggressive disease, and the prognosis remains poor. 
The 5-year survival rate for locoregional disease is 
25%-35%[2-4] and the median survival ranges from 
10 to 14 mo in advanced disease[5,6]. Although various 
treatment modalities have been developed and the 
mortality rate of gastric cancer has gradually decreased 
over recent decades[7], many of them have failed to 
eliminate gastric cancer cells curatively[8]. Therefore, a 
novel therapeutic strategy is clinically desired.

CD9, a member of the tetraspanin family, has 
been reported to relate to growth and invasion of 
tumor cells. There are many reports of the relationship 
between CD9 expression and disease prognosis. In 
addition, molecular mechanisms of CD9 functions 
have been gradually clarified. In this field, we also 
reported apoptotic signals after CD9 ligation in gastric 
cancer cells, as well as the treatment of gastric-cancer-
bearing mice with anti-CD9 antibody.

We review the characteristics of CD9 and discuss 
the possibility of CD9 as a novel therapeutic target in 
gastric cancer.

CD9 FUNCTIONS
Tetraspanins, which have four putative membrane-
spanning domains, are integral membrane proteins 
including at least 33 distinct family members, such as 
CD9,CD37, CD53, CD63, CD81, CD82, and CD151[9-11]. 
Members of this family are involved in many physiological 
and pathological processes, such as fertilization, cellular 
adhesion, motility, and tumor invasion[9-12]. To date, 
tetraspanins are believed to act as molecular facilitators 
or adaptors, which form a network of interaction among 
the cell-surface molecules, known as the “tetraspanin 
web” or tetraspan-enriched microdomains[12,13]. Notably, 
some tetraspanin proteins have key roles in tumor 
initiation, promotion, metastasis, and angiogenesis.

CD9, which was identified as a suppressor of cancer 
spread[14], belongs to the tetraspanin family. Like other 
tetraspanins, CD9 has four putative transmembrane 
domains, which provide the short N- and C-terminal 
cytoplasmic domains, a small intracellular loop, and 
two extracellular loops[11,12] (Figure 1). CD9 is widely 
expressed on the surface of several types of cells, 
including many malignant tumor cells as well as normal 
hematopoietic, endothelial and epithelial cells[11,12].

CD9 interacts with a number of transmembrane 
proteins, including integrins, immunoglobulin superfamily 
member EWI proteins (EWI-2 and EWI-F) and other 
tetraspanins (e.g., CD81 and CD151)[10-13], Claudin-1[15], 
epidermal growth factor receptor (EGFR)[16], and 
membrane-bound ligands for EGFR[17-19] (Table 1). 
These interactions form functional complexes, which 

facilitate cell adhesion, motility, and signaling[10,20-24]. 
For examples, antibody (Ab) ligation of CD9 induces 
homotypic aggregation of pre-B cells and augments 
their adhesion to bone marrow fibroblasts through the 
modification of integrins[10]. Treatment with anti-CD9 
Ab can induce strong adhesion between stromal and 
hematopoietic cells[25,26] as well as inhibit the migration of 
malignant cells[27]. In addition, CD9 acts as a co-receptor 
for diphtheria toxin. CD9 does not bind directly to the 
toxin, but interacts with the diphtheria toxin receptor 
(transmembrane precursor of heparin-binding epidermal-
growth-factor-like growth factor; HB-EGF), leading 
to the elevation of juxtacrine activity of HB-EGF[28,29]. 
Also, CD9 functionally associates with Fcγ receptors, 
and co-cross-linking of CD9-Fcγ receptors modifies 
signals for phagocytosis and inflammatory responses on 
macrophages[30].

CD9 affects physical processes, such as cell 
proliferation, apoptosis and tumor metastasis[31-33]. 
Treatment of cells with anti-CD9 Ab has revealed 
antiproliferative effects[16,18] via the suppression of 
extracellular signal-regulated kinase (ERK) 1/2 activity[31]. 
In addition, CD9 ligation concurrently induces apoptosis 
via the selective activation of the c-Jun N-terminal 
kinase/stress-activated protein kinase (JNK/SAPK) and 
p38 mitogen-activated protein kinase (MAPK) pathway, 
as well as caspase-3 and the p46 Shc isoform[31]. 
Moreover, CD9 can associate with conventional protein 
kinase C (PKC) isoforms including PKCα and PKCβ[34], 
as well as type Ⅱ phosphatidylinositol 4-kinase[35], 
which could contribute to tumor-suppressor functions. 
In addition, CD9 may affect the Wnt signaling pathway 
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Partner protein Function Ref.

EWI-2 Modulates integrin-dependent 
cell motility, morphology and/

or spreading

[5-6,8,44,45,50]

EWI-F Functions unknown [5-6,8,46,47]
Integrin β1 CD9 modulates integrin-

dependent cell morphology, cell 
migration, signaling and adhe-

sion strengthening

[5,11]

Other tetraspanins 
(e.g., CD81, CD151)

Form TEMs [7,8]

Claudin-1 CD9 stabilizes expression of 
non-junctional Claudin-1

[10]

EGFR CD9 enhances the internaliza-
tion of EGFR and reduces EGF-

EGFR-induced signals

[11]

HB-EGF CD9 upregulates both diphthe-
ria toxin binding and mitogenic 

functions of HB-EGF

[23,24]

PKC isoforms Contribute to signaling and 
tumor-suppressor functions

[29]

Type Ⅱ PI4K Contribute to signaling and 
tumor-suppressor functions

[30]

EGFR: Epidermal growth factor receptor; HB-EGF: Heparin-binding 
epidermal-growth-factor-like growth factor; PKC: Protein kinase C; TEMS: 
Tetraspan-enriched microdomains.



by downregulating Wnt genes[36]. Expression of CD9 
also acts to protect transforming growth factor α from 
cleavage, thereby regulating cell proliferation and 
migration[19]. Therefore, CD9 expression has an ability to 
regulate a variety of intracellular signals.

CD9 AND CANCER
From experiments manipulating CD9 in tumor cell 
lines, CD9 has been demonstrated to be primarily a 
suppressor of metastasis[27,37-40]. Several clinical studies 
have also shown an important prognostic value of CD9. 
The reduced CD9 expression is associated with poor 
prognosis in melanoma[41], non-small-cell lung cancer[28], 
and breast[37,42], colon[43], pancreatic[44], ovarian[45] and 
prostate[46] cancer. Expression of CD9 is also related to 
metastasis of the gastrointestinal carcinoma[43,44,47,48]. 
For example, reduced CD9 expression is significantly 
associated with more venous vessel invasion and liver 
metastasis in patients with colon cancer[27,43]. Although 
diverse physiological functions (clinical data) of CD9 
have been suggested[49,50], we and others have found 
that the amount of CD9 is inversely correlated with 
lymph node status in gastric cancer[48] and in esophageal 
squamous cell carcinoma[47]. Moreover, expression of 
CD9 protein in gastric cancer tissues was significantly 
stronger in patients without regional lymph node or 
distant metastasis than in those with metastasis[51]. 
Furthermore, the reduction of CD9 protein was asso-
ciated with distant metastasis of gastric cancer. Thus, 
decreased levels of CD9 are strongly associated with an 
increased risk of recurrence, especially in patients with 
N0 nodal status and M0 metastatic status. Low levels 
of CD9 expression are related to poor prognosis. These 
findings are consistent with previous reports. Therefore, 
reduced CD9 expression is generally related to more 
venous vessel invasion and metastasis as well as poor 
prognosis in most common types of cancer.

As mentioned above, many investigators believe 
that CD9 is a suppressor of tumor development.

POSSIBILITY OF CD9-TARGETED 
THERAPY IN GASTRIC CANCER
Anti-CD9 monoclonal Abs (mAbs), ALB6 and PAINS-13 
are ligand-mimic Abs, therefore, Ab ligation of CD9 
with these antibodies enhances, but does not inhibit, 
CD9 functions (Figure 2). We first introduce some 
interesting data concerning mechanisms of CD9 
functions obtained by using these Abs. We previously 
reported that treatment with anti-CD9 mAb (ALB6), 
which enhances CD9 functions, inhibited cell growth 
in CD9-positive tumor cell lines (MKN-28, MKN-45, 
SW480, HT-29, CaCO2, MIA-PaCa-2 and A459)[31]. 
In a gastric cancer line MKN-28, CD9 ligation induced 
apoptosis. ALB6 treatment activated JNK/SAPK and 
p38 MAPK as well as caspase-3[31]. Notably, ALB6 
treatment selectively induced tyrosine phosphorylation 
of the p46 Shc isoform, and overexpression of its 
dominant-negative form completely cancelled the 
ALB6-induced activation of JNK/SAPK, p38 MAPK and 
caspase-3, leading to loss of apoptosis. Therefore, Ab 
ligation of CD9 induced apoptotic signals via restricted 
activation of the p46 Shc isoform. We also reported 
that CD9 ligation enhanced the internalization of 
EGFR[16]. ALB6 treatment induced a dotted or patch-
like aggregation composed of CD9-EGFR and CD9-β1 
integrin on the surface of MKN-28 cells. Furthermore, 
expression of CD9 specifically attenuated EGFR 
signaling in CD9-overexpressing CHO cells via the 
downregulation of surface expression of EGFR[16]. 
Therefore, CD9 expression negatively regulates cell 
surface EGFR expression levels. Finally, we examined 
in vivo effects of ALB6 Ab to treat patients with gastric 
cancer. MKN-28 cells were inoculated subcutaneously 
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into SCID mice. After a tumor was visualized, the MKN-
28-bearing mice were injected with ALB6 or control 
Ab three times per week. In the ALB6 treatment 
group, tumor volume was significantly suppressed, 
and the apoptotic indexes were increased. Therefore, 
administration of mice bearing human gastric cancer 
cells with anti-CD9 Ab successfully inhibited tumor 
progression[52]. Similar to our results, it has been 
reported that anti-CD9 mAb PAINS 13 inhibited in vivo 
tumor growth of colon cancer cells[53]. The inhibition 
of cell proliferation in colon carcinoma cells caused by 
anti-CD9 mAbs PAINS-13 was related to the enhanced 
integrin-dependent adhesion and the increased 
expression of membrane tumor necrosis factor (TNF)-α.

Therefore, TNF-α partly mediates the antipro-
liferative effects of CD9 in this case.

Overexpression of vascular endothelial growth factor 
(VEGF)-A is associated with tumor angiogenesis, nodal 
metastasis, and poor prognosis in cancer patients[54,55]. 
A report that CD9 gene transduction could downregulate 
VEGF-A expression is now available[36]. In this situation, 
CD9 is also likely to regulate tumor development 
negatively.

With regard to interactions between CD9 and 
integrins, CD9 seems to positively and/or negatively 
involve tumor development through functional 
modification of integrins. Indeed, the enhancement 
of integrin-mediated cell adhesion by CD9 inhibits 
metastasis and invasion of tumor cells and contributes 
to cell-adhesion-mediated drug resistance[56].

PRESENT TREATMENT FOR PATIENTS 
WITH GASTRIC CANCER
Improving molecular characterization has translated 
into better survival in select patients with advanced 
gastric and esophageal cancer. Trastuzumab, an 
antibody targeting the anti-human epidermal growth 
factor receptor 2 (HER2) extracellular domain, induces 
antibody-dependent cellular cytotoxicity and inhibits 
the HER2 downstream signals. In the ToGA study, 
standard chemotherapy regimens (capecitabine 
plus cisplatin or fluorouracil plus cisplatin) combined 
with trastuzumab resulted in a longer survival time 
than standard regimens without trastuzumab in 
patients with HER2-positive gastric cancer[57,58]. In 
addition, ramucirumab, an mAb targeting vascular 
endothelial growth factor receptor (VEGFR)-2, is 
the first biological treatment that showed survival 
benefits as a single-agent therapy for the second-
line chemotherapy (REGARD trial) in patients with 
advanced gastric cancer who progressed after first-
line chemotherapy[59]. An early report of the phase Ⅲ 
RAINBOW trial, testing ramucirumab in combination 
with paclitaxel for the second-line therapy after 
platinum-fluoropyrimidine failure, also demonstrated 
an overall survival benefit of 9.6 mo vs 7.4 mo 
as compared with paclitaxel alone[60]. With recent 
success of ramucirumab, investigations with several 
other antiangiogenic agents have begun. These 
include the VEGFR-2 inhibitor, apatinib, and the multi-
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Figure 2  CD9 signaling. CD9-EGFR and CD9-β1 integrin co-localize on the cell surface. CD9 enhances the internalization of EGFR and reduces EGF-EGFR-
induced signals[11]. CD9 ligation induced apoptosis via the selective activation of JNK and p38 MAPK pathway as well as caspase-3 and the p46 Shc isoform[26]. 
CD9 modulates integrin-dependent cell motility, cell migration, adhesion strengthening, and spreading[5,11]. EGFR: Epidermal growth factor receptor; p38 MAPK: p38 
mitogen-activated-protein kinase; JNK: c-Jun NH2-terminal kinase; FAK: Focal adhesion kinase.
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targeted tyrosine kinase receptor inhibitors, axitinib 
and pazopanib[60]. In addition to the HER family and 
VEGFRs, the phosphatidylinositol 3-kinase-AKT-
mammalian target of rapamycin (mTOR) and the 
c-MET signaling pathways are promising candidates, 
and some molecular targeting agents are now in 
clinical investigation[61].

FUTURE PROSPECTS
A number of recent reports have suggested that 
tetraspanin targeting by Abs, soluble large-loop 
proteins, RNAi technology, or adenoviral transduction 
methods could be therapeutically beneficial[62]. In the 
case of CD9, we and others have proposed that CD9 
ligation is likely to be useful to treat malignancies. 
Ectopic expression of CD9 in small-cell lung carcinoma 
cells inhibited their proliferation[63], and adenoviral 
transduction of CD9 inhibited lymph node metastasis 
in an orthotopic lung cancer model[40]. With cDNA 
expression microarray experiments, CD9 was reported 
to be one of the genes upregulated in gastric cancer[64]. 
Thus, CD9 expression in non-cancerous tissues is 
lower than that in gastric cancer tissues, indicating 
that adverse effects of anti-CD9 treatment on normal 
gastrointestinal tissues might be tolerable.

Tumor growth is dependent on angiogenesis, which 
forms new blood vessels[65]. Targeting tumor vessels 
provides several advantages over traditional anti-tumor 
approaches. CD9 enhancement contributes to tumor 
angiogenesis, presumably by affecting endothelial cell 
function, although their contributions to angiogenesis 
have not been shown using de novo tumor models. It 
was previously reported that CD9 gene transduction 
could downregulate VEGF-A expression, which is 
essential for angiogenesis[36]. Therefore, enhancement 
of CD9 functions may also be worthwhile in particular 
circumstances.

With regard to tumor metastasis, CD9 is involved 
in cell adhesion via enhancing integrin functions. In 
addition, associations of CD9 with EWI-2[10,11,13,66,67], 
EWI-F[68,69], EPCAM[70], Claudin-1[10] or HB-EGF[23,24] 

could have different effects on tumor cell invasion and 
metastasis. Indeed, the CD9 partners EWI-F[71] and 
EWI-2 can markedly affect cell migration[72], and EWI-2 
influences the association of CD9 with membrane-type 
1 matrix metalloproteinase (MT1-MMP; also known as 
MMP14) and MMP2[73], which could alter proteolysis 
during invasion. Thus, CD9 acts on multiple steps of 
tumorigenesis, and because CD9 function is dependent 
on its associating proteins, efficacy of the CD9-
targeting therapy may be determined by expression of 
these associating molecules as well as CD9 itself.

CONCLUSION
Molecular mechanisms for CD9 functions have been 
understood through identification of CD9-associating 
proteins. Ab ligation of CD9 is a powerful tool to 

change CD9 functions, and we showed apoptotic 
signals after CD9 ligation in gastric cancer cells as well 
as successful treatment of gastric-cancer-bearing mice 
with anti-CD9 Ab. CD9 influences intracellular signals, 
cell adhesion, and cell proliferation, and is involved in 
several events during development of gastric cancer. 
Taken together with evidence from clinical data, the 
manipulation of CD9 is likely to have the potential to 
improve clinical results of therapy for gastric cancer. 
When implementing CD9-targeted therapy in gastric 
cancer, we should come up with various ideas to 
enhance CD9 functions.

A new therapy to target HER2, VEGFR-2, is 
responsible for a significant increase in survival of 
patients with advanced gastric cancer. Unfortunately, 
advanced gastric cancer continues to have a poor 
prognosis. In the future, new strategies to target 
CD9 will hopefully be developed and implemented for 
gastric cancer treatment.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is currently 
considered as the most common liver disease in Western 
countries, and is rapidly becoming a serious threat 
to public health worldwide. However, the underlying 
mechanisms leading to the development of NAFLD 
are still not fully understood. The ghrelin-ghrelin 
O-acyltransferase (GOAT) system has recently been found 

to play a crucial role in both the development of steatosis 
and its progression to nonalcoholic steatohepatitis. 
Ghrelin, the natural ligand of the growth hormone 
secretagogue receptor, is a 28-amino acid peptide 
possessing a unique acylation on the serine in position 3 
catalyzed by GOAT. The ghrelin-GOAT system is involved 
in insulin resistance, lipid metabolism dysfunction, and 
inflammation, all of which play important roles in the 
pathogenesis of NAFLD. A better understanding of 
ghrelin-GOAT system biology led to the identification 
of its potential roles in NAFLD. Molecular targets 
modulating ghrelin-GOAT levels and the biologic effects 
are being studied, which provide a new insight into the 
pathogenesis of NAFLD. This review probes into the 
possible relationship between the ghrelin-GOAT system 
and NAFLD, and considers the potential mechanisms 
by which the ghrelin-GOAT system brings about insulin 
resistance and other aspects concerning NAFLD.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is 
a progressive disorder that can lead to impaired liver 
function and, ultimately, liver failure. The ghrelin-ghrelin 
O-acyltransferase (GOAT) system has recently been found 
to play a crucial role in both the development of steatosis 
and its progression to nonalcoholic steatohepatitis. This 
review probes into the possible relationship between 
ghrelin-GOAT system and NAFLD, and considers the 
potential mechanisms by which the ghrelin-GOAT 
system brings about insulin resistance and other aspects 
concerning NAFLD.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a metabolic 
disorder syndrome that is not due to the abuse of alcohol. 
The term NAFLD encompasses a spectrum of histologically 
defined liver disorders. The disease can progress from 
macrovesicular lipid accumulation in the hepatocytes 
(termed steatosis) to nonalcoholic steatohepatitis (NASH) 
to outright fibrosis, cirrhosis, and even hepatocellular 
carcinoma[1-3] (Figure 1). The occurrence of NAFLD is 
strongly linked to obesity, insulin resistance (IR) and other 
aspects of the metabolic syndrome.

The reported prevalence of NAFLD in the United 
States and other Western countries ranges from 30% 
to 46%[4-6]. This disease has also become prevalent in 
Eastern countries where it has become a significant 
public health concern[7,8]. However, patients with 
NAFLD often have normal liver aminotransferases and 
the potential presence of NAFLD may be neglected by 
clinicians[9-12]. Patients with NAFLD are always at high 
risk for cardiometabolic complications, such as type 2 
diabetes (T2DM) and cardiovascular disease[13-16].

The exact pathogenesis of NAFLD remains unknown. 
A number of environmental and genetic factors are 
involved in the NAFLD development and progression 
(Figure 1). The “two-hits hypothesis” is currently the 
most recognized theory to explain NAFLD development 
and progression[17]. Fat accumulation in hepatocytes 
is considered as the primary insult, while the following 
events, including mitochondrial dysfunction, lipid 
peroxidation, IR, and oxidative stress, result in liver 
cell inflammation and apoptosis, which eventually 
progress from simple steatosis to NASH[18-20]. Although 
the “two-hits hypothesis” of NAFLD pathogenesis is 
currently the most recognized theory, the “multi-hits 
hypothesis” that involves lipotoxicity, oxidative stress, 
mitochondrial dysfunction, a chronic inflammatory 
state, and endoplasmic reticulum stress, is getting 
more and more attention. The “multi-hits hypothesis” 
summarizes the complex factors and interactions 
between cytokines, free fatty acids (FFAs) metabolism, 
inflammation, and IR in NAFLD[21,22].

As oxidative stress and inflammation are key 
events in the progression from simple steatosis to 
NASH, retardation of these processes may reverse 
the development of NAFLD[18,20]. Thus, use of low side-
effect agents that ameliorate those key events of 
NAFLD may provide important therapeutic evidence for 
the development of NAFLD. In recent years, a number 
of chemical agents have been found to have protective 
efficacy against NAFLD-induced liver injury, oxidative 
stress, and inflammation[23-26].

Recently, several studies have shown some 

advances in the pathogenesis of NAFLD. Advances in 
the understanding of autophagy have provided insights 
into the relationship between autophagy and NAFLD. 
Autophagy might stimulate lipid metabolism and have 
therapeutic potential in NAFLD[27]. Helicobacter pylori 
infection is involved in the pathogenesis of IR, which is 
closely linked with NAFLD[28]. The role of H. pylori infection 
in the development of NAFLD is gaining attention 
because its eradication is easy and much less expensive 
than long-term treatment of the other risk factors. 
Besides, overexpression of miR-185, an endogenous 
non-protein coding small RNA molecule, improved 
insulin sensitivity and reduced liver steatosis in an 
NAFLD animal model, and thus may be a therapeutic 
target[29]. In recent years, several adipocytokines and 
proinflammatory cytokines, which decrease or enhance 
IR, were also found to be involved in the pathogenesis 
of NAFLD[30-32]. Nevertheless, the complicated mechanisms 
of NAFLD are not entirely clear at present. Future better-
designed research will provide more insights into the 
pathogenesis and therapeutic strategies for NAFLD.

The ghrelin-ghrelin O-acyltransferase (GOAT) 
system has recently been reported to play a crucial role 
in both the development of steatosis and progression to 
NASH. The ghrelin-GOAT system is involved in IR, lipid 
metabolism dysfunction, and inflammation, all of which 
play important roles in the pathogenesis of NAFLD[33-36]. 
Therefore, there is an urgent need to better understand 
the mechanisms of ghrelin-GOAT system involvement 
in NAFLD. This review will illuminate the relationship 
between the ghrelin-GOAT system and pathogenesis of 
NAFLD.

OVERVIEW OF THE GHRELIN-GOAT 
SYSTEM
Ghrelin
Ghrelin is a small peptide and hormone comprised of 28 
amino acids[37] that is mainly produced by the stomach 
and the pancreas, which stimulates appetite and is a 
potent stimulator of growth hormone through the action 
of its receptor, the growth horomone secretagogue 
receptor[38,39]. A number of studies have shown that 
exogenous administration of ghrelin produces multiple 
physiologic effects, including the ability to increase 
food intake and decrease energy expenditure[38,40]. 
Ghrelin undergoes a post-translational modification, 
in which the third serine residue is covalently linked 
to a medium-chain fatty acid, typically octanoate[38]. 
The O-n-octanoylation of ghrelin is unique[41], and only 
the octanoylated form, which represents 10%-15% of 
circulating ghrelin, is able to stimulate body weight gain 
and food intake[42,43].

There are two forms of ghrelin: acylated and des-
acyl ghrelin (DAG). Without food intake, both forms 
rise gradually in the plasma. Although some effects 
of DAG are still controversial and its receptor has not 
been identified, the biologic activities of DAG have 
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been reported, including gastric motility[44,45], adiposity, 
and glucose metabolism[46]. Further evidence for 
metabolic function of ghrelin has been provided by 
phenotypic analysis of rodents with genetic deletions 
of either ghrelin[47] or its receptor, GHS-R1a[48].

Ghrelin O-acyltransferase
Ghrelin is acylated on the serine in position 3. Both 
forms of ghrelin may result from the processing of 
preproghrelin[49]. The acylation is catalyzed by GOAT 
during the processing of the peptide[29,50]. Ingestion 
of either medium-chain fatty acids or medium-chain 
triglycerides can enhance acylation of ghrelin[51].

Lim et al[52] found that GOAT is expressed in all 
human tissues studied (stomach, adrenal cortex, 
breast, and right and left colon). The widespread 
expression of GOAT corresponds to the widespread 
distribution of ghrelin expression. GOAT expression 
was high in the stomach and gut, the major ghrelin-
secreting tissues, and in the pituitary, ghrelin showed 
autocrine and paracrine effects. In addition to the 
important endocrine effects of acylated ghrelin, the 
paracrine effects of locally synthesized and acylated 
ghrelin may also be important. The concept was 
supported by the identification of GOAT expression in 
various tissues. It will be helpful to search for GOAT 
inhibitors as an alternative approach to reduce the 
actions of ghrelin, such as feeding and adiposity. As 
the action of GOAT and its inhibition are very specific 
to ghrelin, this may be a promising therapeutic target.

The activity of GOAT is modulated by fasting and 
satiation[53-55]. Although feeding suppresses both 
acylated ghrelin and DAG, long-term fasting inhibits 
ghrelin acylation but not total ghrelin secretion[56]. 
The exact effect of fasting and feeding on GOAT 
mRNA expression remains vague[57,58]. GOAT has been 
confirmed as a leptin-regulated gene[57], and González 
et al[58] found that exogenous leptin administration 

markedly increased GOAT mRNA levels in the gastric 
mucosa of fasted rats. It has been indicated that 
fasting low-leptin levels prevent an increase in GOAT 
mRNA levels, and therefore, GOAT can be added to 
the list of leptin-regulated genes under this specific 
condition. Leptin is the primary signal through which 
the hypothalamus senses the nutritional state and 
modulates food intake and energy balance. Leptin 
plays an opposite functional role of ghrelin in food 
intake and it also regulates ghrelin receptor GHS-
R1a[59,60]. Increased GOAT mRNA levels relevant 
to chronic malnutrition may elucidate the potential 
mechanism responsible for increased acylated ghrelin 
levels in anorexia nervosa[61].

Alimentary lipids are important for the activation 
of GOAT. In fact, GOAT knockout mice subjected to 
a diet containing 10% medium-chain triglycerides 
exhibited lower body weights, possibly due to lower 
fat mass, compared to wild-type mice[57]. In addition, 
large amounts of acyl ghrelin were produced by GOAT 
transgenic mice[57]. An important function of ghrelin is 
the maintenance of viability during famine. The study 
of wild-type and GOAT knockout mice subjected to 
a 60% calorie-restricted diet showed 30% and 75% 
body weight loss, respectively, which could explain this 
hypothesis[62].

GHRELIN-GOAT SYSTEM AND NAFLD
The ghrelin-GOAT system is linked to energy and 
lipid metabolism, IR, inflammation, and apoptotic cell 
death, which are common to both obesity and NAFLD. 
Therefore, the role of the ghrelin-GOAT system in 
NAFLD has become a subject of considerable interest in 
recent years.

The relation of the ghrelin gene products and their 
involvement in metabolic and inflammatory pathways 
linked with the development of NAFLD were recently 
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reported[34]. It was found that patients with NASH had a 
twofold higher concentration of DAG than patients with 
non-NASH. Ghrelin concentration positively correlated 
with fibrosis stage. Apparently, products of the ghrelin 
gene may be important for the pathogenesis of NASH 
and fibrosis. The report by Li et al[33] showed that both 
administration of ghrelin during the induction of NAFLD 
and after the establishment of NAFLD could improve 
liver injury via attenuating alanine aminotransferase/
aspartate transaminase, oxidative stress, inflammation, 
apoptosis, and restoring hepatic lipid metabolism. Such 
effects might partly act through targeting the PI3K/Akt 
and LKB1/AMPK pathways. Therefore, ghrelin can be 
a critical therapeutic agent against NAFLD. However, 
other research yielded different results. One study 
reported that the plasma levels of ghrelin in obese 
individuals were lower than those in normal-weight 
people, indicating that ghrelin may not be related to the 
progression of obesity[63].

The role of ghrelin in appetite regulation and 
energy metabolism is well established and it is now 
recognized as a very promising target for the treatment 
of NAFLD[64]. GHS-R antagonists and ghrelin antibodies 
are being studied in these systems[65]. An anti-obesity 
vaccine that prevents ghrelin from reaching the central 
nervous system has been developed[66]. A glucagon-
like peptide-1 receptor agonist, exendin-4, has shown 
the effect of inhibiting ghrelin secretion[67].

Besides ghrelin and GHS-R, GOAT has also been 
implicated as a potential target for anti-NAFLD treat-
ment[35,36]. GOAT inhibition will lead to decreased 
ghrelin acylation and increased levels of DAG, which is 
suggested to be beneficial for glucose homeostasis[68,69]. 
At the moment, there are no anti-NAFLD drugs on 
the market that target the ghrelin system. This is 
mainly due to the variation or lack of efficacy, potency, 
non-selectivity, poor bioavailability, sustained weight 
loss, and/or adverse side effects. However, specific 
antagonists are being developed and their relevance to 
clinical practice is being studied.

Role of the ghrelin-GOAT system in IR
IR is a disorder in insulin signaling in many organs, 
including the liver, fat, and muscle, and is a major 
characteristic of obesity, T2DM, and NAFLD. IR is an 
essential requirement for NAFLD and is believed to 
influence “the first hit” in NAFLD. Some research has 
illuminated that IR is a typical character of NAFLD[70-73]. 
NAFLD is highly prevalent among patients with T2DM[74]. 
By addressing NAFLD both as a consequence and as 
a cause of IR through lessons learned from the liver 
of patients with T2DM, Takamura et al[75] presented 
the remarkable changes in the liver in NAFLD. The 
development of NAFLD appears to be associated with 
food intake, as diet is an important contributor to its 
pathogenesis[76].

In recent years, ghrelin has been found to play 
a direct role in glucose homeostasis. A number of 

reports have demonstrated ghrelin expression in 
pancreatic islets[77-80] and the ability of ghrelin to regulate 
insulin secretion and promote β-cell proliferation and 
survival[81,82]. However, the role of ghrelin in the secretion 
and action of insulin remains controversial. Some studies 
show that ghrelin increases insulin secretion[79,81,83-85], 
whereas other reports show that it inhibits it[86-89].

Mice genetically deficient in the GOAT enzyme 
lack acylated ghrelin and exhibit a modest decrease 
in body weight and fat mass when fed a diet rich in 
medium-chain triglycerides[57]. When these mice were 
subjected to a period of severe caloric restriction, they 
were unable to maintain normal blood glucose levels, 
resulting in eventual death, unless either ghrelin or 
growth hormone was provided[62]. A recent report 
showed that a GOAT-specific acyltransferase inhibitor 
could improve glucose tolerance and reduce weight 
gain, indicating the effect of the ghrelin-GOAT system 
on glucose homeostasis[90].

IR patients with NAFLD show decreased insulin 
sensitivity not only in muscle, but also in liver and 
adipose tissue[73,91]. The adipose tissue becomes 
resistant to the anti-lipolytic effect of insulin, and 
the release of fatty acids is increased in IR[92]. An 
important source of FFAs is the increased spillover 
from chylomicrons under postprandial conditions[93]. 
It was supposed that ectopic fat may be a defense 
mechanism against lipotoxicity[94,95], and that patients 
with NAFLD develop NASH and cirrhosis only after 
a second hit. Therefore, it is not surprising that gut 
hormones that are known to control the uptake of 
nutrients by organs are now increasingly investigated 
in NAFLD.

Role of the ghrelin-GOAT system in lipid and energy 
metabolism
The first step in the development of NAFLD is hepatic 
steatosis, which is characterized by macrovesicular 
accumulation of triglycerides in the cytoplasm of 
hepatocytes. Sources of increased hepatic lipids in 
NAFLD include excess dietary chylomicron remnants, 
increased new lipogenesis, or excess FFAs released 
from the lipolysis of adipose tissue[96-98]. Saturated 
fat seems to stimulate hepatic lipid accumulation 
and progression into NASH, whereas unsaturated 
fat, choline, antioxidants, and high-protein diets 
rich in isoflavones seem to have a more preventive 
effect. Li et al[99] recently found that ghrelin activated 
hepatocyte lipogenesis via the mTOR-PPARγ signaling 
pathway; ghrelin-induced lipogenesis was mediated 
by mTOR, and the effect was significantly attenuated 
by PPARγ antagonism in cultured hepatocytes and in 
PPARγ-deficient mice.

Lipid accumulation within the liver represents an 
equilibrium between synthesis and utilization. The 
indiscriminate lipid metabolism and increased lipid flux 
through the liver result in intracellular stress, apoptosis, 
and consequent liver damage[100]. IR in adipose tissue 
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with uncontrolled lipolysis resulting in enhanced FFA 
delivery to the liver has been postulated to be a critical 
factor in development of NAFLD. IR in adipose tissue 
has been shown to correlate with severity of liver 
biopsy findings in NASH[101]. Adipose tissue tumor 
necrosis factor (TNF)-α and circulating interleukin 6 
are associated with IR and circulating FFA levels, and 
both are increased in patients with NAFLD[102-104]. It 
is entirely plausible that endocrine abnormalities with 
hormonal excess and deficiencies may be implicated in 
the pathogenesis of NAFLD.

Ghrelin stimulates food intake and decreases energy 
expenditure in rats[48,105-108]. Ghrelin also increases 
appetite and stimulates food intake in humans[105]. 
A recent study evaluated ghrelin levels and their 
relationship with NAFLD and IR in obese adolescents, 
and found that ghrelin was negatively correlated 
with weight[109]. Ghrelin concentrations decrease with 
weight gain resulting from overfeeding, pregnancy, or 
olanzapine treatment[110-113]. Indeed, ghrelin stimulates 
the gene expression of lipogenic enzymes, such as 
acetyl CoA carboxylase, stearoyl CoA desaturase, and 
fatty acid synthase in white adipose tissue[114].

In order to determine GOAT expression and fun-
ctional regulation, measurement of its protein levels 
and activity will be critical. Recently, genetic variation 
in GOAT was found in association with anorexia 
nervosa[115], though whether it may also be involved 
in NAFLD remains unknown. Inhibition of GOAT by 
a peptide-based bisubstrate analog (GO-CoA-Tat) 
reduced weight gain and improved glucose tolerance 
in wild-type mice[84]. In fact, GOAT is the only enzyme 
responsible for ghrelin acylation and its alteration will 
only affect the physiologic process of ghrelin acylation. 
In the future, special medicine targeting GOAT may be 
designed as a novel therapeutic approach for NAFLD.

Role of the ghrelin-GOAT system in inflammation
A small portion of patients with NAFLD will develop 
inflammation and fibrosis, termed NASH, which is a 
more progressive, inflammatory disease phenotype 
of NAFLD[18]. In recent years, the roles of ghrelin in 
immunity regulation under inflammatory conditions 
and liver protection have been being clarified. In the 
gastrointestinal tract, administration of exogenous ghrelin 
ameliorates the release of proinflammatory cytokines, 
promotes cell proliferation, and reduces apoptosis after 
TNF-α- or lipopolysaccharide-induced inflammation[116]. 
Administration of ghrelin has therapeutic effects for 
several inflammatory diseases in rodent models, including 
sepsis[117], intestinal ischemia and reperfusion injury[118], 
pancreatic disease[119], cardiovascular disease[120], and 
gastrointestinal disease[121]. In addition, a recent study 
demonstrated that pretreatment with ghrelin prior to 
carbon tetrachloride intoxication attenuated liver injury 
and oxidative stress[122]. Thus, inflammation represents 
an important mechanism for the development of NAFLD 
to NASH. Now that recent research has suggested the 

anti-inflammatory role of ghrelin in many organs, it is 
possible that future study will identify its pharmacologic 
role in the development of NAFLD.

CONCLUSION
NAFLD is becoming a serious threat to public health 
worldwide. However, the underlying mechanisms leading 
to the development of NAFLD are not fully understood. 
The involvement of the ghrelin-GOAT system in NAFLD 
and a better understanding of its biology have led to 
the identification of pharmacologic targets and the 
development of pharmacologic compounds for the 
treatment of NAFLD and related diseases. Thus, the 
ghrelin-GOAT system represents a promising target for 
the treatment of NAFLD.
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Abstract
Fatty liver is present in over ten percentage of the world 
population and it is a growing public health problem. 
Nonalcoholic fatty liver disease (NAFLD) is not a single 
disease, but encompasses a spectrum of diseases of 
different etiologies. It is difficult to find highly specific 
and sensitive diagnostic biomarkers when a disease is 
very complex. Therefore, we should aim to find relevant 

prognostic markers rather than accurate diagnostic 
markers which will help to minimize the frequency of liver 
biopsies to evaluate disease progression. There are several 
biomarker panels commercially available, however, there is 
no clear evidence that more sophisticated panels are better 
compared to simple criteria such as, presence of diabetes 
over five years, metabolic syndrome, obesity, obstructive 
sleep apnea, aspartate transaminase/alanine transaminase 
(ALT) ratio > 0.8 or ferritin levels > 1.5 times normal in 
patients with over six month history of raised ALT and/or 
ultrasonological evidence of fat in the liver. Currently the 
biomarker panels are not a replacement for a liver biopsy. 
However the need and benefit of liver biopsy in NAFLD 
is questionable because there is no convincing evidence 
that biopsy and detailed staging of NAFLD improves the 
management of NAFLD and benefits the patient. After 
all there is no evidence based treatment for NAFLD other 
than management of lifestyle and components of “metabolic 
syndrome”.

Key words: Nonalcoholic fatty liver disease; Biomarkers; 
Fibrosis; Cirrhosis; Steatohepatitis; Liver biopsy

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Nonalcoholic fatty liver disease (NAFLD) is 
not a single disease, but encompasses a spectrum of 
diseases and this makes it very difficult to find highly 
specific and sensitive biomarkers. We should therefore 
aim to find relevant prognostic markers rather than 
accurate diagnostic markers which will help to minimize 
the frequency of liver biopsies to evaluate disease 
progression. There is no evidence that biopsy and 
detailed staging of NAFLD is important in the NAFLD 
management and benefits patients. Finally, there is 
no evidence based treatment for NAFLD other than 
management of ‘metabolic syndrome’ by pharmacological 
or non-pharmacological (lifestyle management/surgical) 
approaches.
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INTRODUCTION
Fatty liver can be a sign of an underlying disorder 
but by itself it is not a disease. Nonalcoholic fatty 
liver disease (NAFLD) is not a single disease but 
encompasses a spectrum of diseases. No wonder that 
efforts to find a highly specific and sensitive biomarker 
for NAFLD have not become successful. About a 
quarter of fatty livers develop liver inflammation 
[nonalcoholic steatohepatitis (NASH)] and over a 
quarter of NASH patients develop severe fibrosis. 
We need biomarkers for the excess fat in liver, 
inflammation and fibrosis of liver. It is less likely that 
we could find liver specific proteins/molecules which 
can be used in commercial settings for identifying fat in 
liver. While there are several markers for inflammation, 
but it is difficult to find markers which are liver specific 
but superior to classic liver enzymes such as alanine 
transaminase (ALT). Similarly, it is difficult to find 
biomolecules which are specific for fibrosis of liver. 
We should therefore aim to find relevant prognostic 
markers rather than accurate diagnostic markers 
which will help to minimize the frequency of liver 
biopsies to evaluate disease progression. Despite 
several years of research, there is no clear evidence in 
the literature that any of the sophisticated algorithms 
or proprietary biomarker panels are good enough to 
avoid a liver biopsy compared to simple criteria such 
as, presence of diabetes over five years, metabolic 
syndrome, obesity, obstructive sleep apnea, aspartate 
transaminase (AST)/ALT ratio > 0.8 or ferritin levels 
> 1.5 times normal in patients with over six months 
history of raised ALT and/or ultrasonological evidence 
of fat in liver. Therefore, “more” is not necessarily ‘the 
better’ when it comes to the number of biomarkers, 
accuracy of diagnosis and staging of NAFLD. Moreover, 
the performance of biomarkers depends on the 
etiology of NAFLD and the stage of the disease and 
compromising their reliability. After all there is no 
evidence based treatment for NAFLD other than 
management of lifestyle and components of “metabolic 
syndrome”. There is no convincing evidence that 
biopsy and detailed staging of NAFLD improves the 
management of NAFLD and benefits the patients. 
Appropriate combination of lifestyle adjustments, 
pharmacological and non-pharmacological (such 
as bariatric surgery) intervention to improve the 
underlying cause of NAFLD such as diabetes should be 
undertaken in all cases of NAFLD with diabetes over 
five years, metabolic syndrome, obesity, obstructive 
sleep apnea, AST/ALT ratio > 0.8 or ferritin levels > 1.5 

times normal in patients with over six months history 
of raised ALT and/or ultrasonological evidence of fat in 
liver.

It is important to detect the development of 
inflammation in fatty liver because greater than a 
quarter of these patients develop fibrosis which is 
associated with a high mortality rate. Detection of 
inflammation requires microscopic examination of 
liver biopsy specimens. The diagnosis of nonalcoholic 
steatohepatitis (inflamed fatty liver) is therefore 
histological[1-3]. However, liver biopsy is an invasive 
procedure which involves some serious patient risk 
and suffers from sampling errors[3]. In association with 
liver biopsy, various studies have reported mortality 
as high as 2% in the literature[4]. Though liver biopsy 
is recommended for therapeutic decisions, clinical 
practice guidelines for NAFLD have been modified 
therefore to include noninvasive tests for diagnosis 
of NASH. The European Association for the Study 
of the Liver had a special topic conference in NAFLD 
which showed a renewed interest on noninvasive 
biomarkers[5]. The prospect of imaging techniques 
[such as real-time elastography, acoustic radiation 
force impulse elastography, magnetic resonance 
spectroscopy and certain magnetic resonance imaging 
(MRI) based techniques] are currently more promising 
when compared to the prospect of biomarkers in 
the evaluation of fibrosis. Many of the non-invasive 
diagnosis techniques now employed for NAFLD were 
actually developed for managing chronic hepatitis C. 
The most important criteria to be evaluated in hepatitis 
C virus (HCV) and NAFLD are inflammation and 
progression of fibrosis, the two most important turning 
points in the course of fatty liver disease progression.

While there are several markers for inflammation 
only liver enzymes are specific to liver and even 
few are sufficiently sensitive enough to be a serum 
biomarker for clinical use. For example cytokeratin-18 
(CK-18) is a relatively useful marker to differentiate 
non-alcoholic steatohepatitis (NASH) from fatty liver 
without inflammation. However its plasma levels are 
altered in several inflammatory conditions involving 
apoptotic response such as chronic viral hepatitis, 
chronic lung and renal diseases. Therefore, CK-18 is 
not definitive enough for routine diagnostic use as a 
marker for staging NASH[6].

This review will focus on the limitations of biomarkers 
and diagnostic panels presently available in the diagnosis 
and management of NAFLD. Although tremendous 
advances are presently being made in non-invasive 
imaging methods and other non-biomarker based 
methods inclusive of ultrasound based methods such 
as transient ultrasound elastography, Doppler analysis, 
acoustic radiation force impulse (ARFI), real-time 
elastography, tissue strain imaging, supersonic shear 
imaging, magnetic resonance based techniques such 
as MRI, diffusion-weighted MRI, magnetic resonance 
spectroscopy, X-ray based imaging techniques such 
as computed tomography (CT) and radioisotope 
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based imaging techniques such as positron emission 
tomography and single photon emission computed 
tomography (SPECT), however they are beyond the 
scope of this review.

There exists a plethora of panels and scoring 
systems and plenty of redundancy exists among these 
tests. We will only consider some of these panels or 
scoring systems as detailed discussion about these all is 
also beyond the scope of this review. There are already 
many good reviews on biomarkers and diagnostic 
panels used in NAFLD, NASH and fibrosis[7-12].

MicroRNAs are implicated in pathogenesis of NAFLD, 
however more research is required to confirm and 
validate their usefulness as diagnostic or prognostic 
markers to qualify them for clinical use[13].

qUesTION Of beCOmINg beTTeR ThaN 
The gOlD sTaNDaRD
An important fact to note is that when we decide the 
quality of a non-invasive test or biomarker, all non-
invasive tests or biomarkers are compared against 
the “gold standard” and for NASH diagnosis it is liver 
biopsy. It is well documented that liver biopsy suffers 
from sample variability and inter-observer variability[3]. 
It is possible that in a proportion of samples where 
liver biopsy results were inaccurate but the biomarkers 
were correct, the comparative performance of bio-
marker will be reported inferior despite the reality that 
they gave superior results.

maRkeRs Of INflammaTION
Pro-inflammatory cytokines, such as tumor necrosis 
factor-α (TNF-α) and interleukin-6 (IL-6), are raised 
in plasma in NASH patients compared to patients who 
suffer from fatty liver without inflammation. There are 
several reports showing strong association between IL-6 
and non-alcoholic steatohepatitis (NASH)[14]. However, 
IL-6 is raised in several inflammatory conditions including 
insulin resistance and triggers fibrosis in multiple 
organs[15] IL-6 is not only involved in inflammation and 
infection responses but also it has anti-inflammatory 
action, besides, it is also involved in the regulation 
of metabolic, regenerative, and neural processes[16]. 
TNF-α level is increased several fold in NASH, however 
it is also increased in several inflammatory diseases, 
cancer and infections. Obesity is characterized by 
increased plasma levels of TNF-α, IL-6 and acute 
phase reactant proteins like C-reactive protein (CRP). 
It may be noted that about 70% of adults age twenty 
years and over are overweight or obese according 
to Center for Disease Control and Prevention, United 
States[17]. Pentraxin-related protein (PTX3), also 
known as TNF-inducible gene 14 (TSG-14) protein 
is rapidly induced in many cell types, in particular by 
mononuclear phagocytes, fibroblasts and endothelial 
cells in response to inflammatory signals such as 

TNF-α[18]. To be useful, IL-6 and TNF-α, should be 
sufficiently specific and should be able to distinguish 
between a fatty liver without inflammation from one 
with inflammation. The same is true for markers 
such as CRP, adiponectin, resistin, leptin, visfatin 
or retinol-binding protein 4 and PTX3. Ferritin is an 
intracellular protein that binds to iron and releases it 
in a controlled fashion present in all cells. Ferritin level 
increases in response to infection and inflammation. 
Serum ferritin is an independent predictor of advanced 
hepatic fibrosis among patients with NAFLD[19]. Both 
inflammation and accumulated fat in liver creates 
oxidative stress. Partially oxidized fat causes cellular 
damage and is known to attract leukocytes resulting 
in inflammatory response. Measurement of oxidative 
stress therefore is an indirect predictor of inflammation. 
However, both obesity and diabetes are independently 
associated with oxidative stress and inflammation[20]. 
Accumulated fat in liver will undergo slow oxidation 
inside hepatocytes, generating free radicals which will 
initiate a cascade of free radical reactions. Several of 
the stable intermediates and final products of these 
reactions can be quantified. Products of free radical–
mediated oxidation of linoleic acid (9- and 13-hydroxy 
octadecadienoic acid and 9-13-oxo-octadecadienoic 
acid) measured in plasma were significantly elevated 
in NASH patients with reference to patients with fatty 
liver without inflammation or patients with normal 
biopsies[21]. Several compounds such as oxidized low 
density lipoproteins, malonaldehyde, thiobarbituric acid 
reactive substances (TBARS) or compounds arising 
from oxidized tyrosine are useful markers of oxidative 
stress. However they are of limited use in clinical 
diagnosis or management of NASH[22,23].

The human body has an anti-free radical regimen 
to counteract oxidative/nitrosative stress which is 
depleted during chronic free radical stress conditions 
such as NASH. The degree of depletion of antioxidant 
components of mammalian systems, such as glutathione 
(which is considered the main regulator of redox balance) 
is a reasonable surrogate measure for oxidative stress[24]. 
However, oxidative/nitrosative stress is now recognized 
to be a common characteristic of many acute and chronic 
diseases in addition to the normal aging process[25].

maRkeRs Of RepaIR aND RemODelINg 
RespONse
Chronic inflammation results in cell death (apoptosis 
and necrosis) which in turn induces repair and remo-
deling responses. Liver has enormous regeneration 
potential[3,7,9] and during this process several bio-
molecules are released into the bloodstream mainly 
from damaged/dying cells, tissue matrix, infiltrated 
immune cells and possibly from regenerating cells. 
This includes, liver enzymes and other proteins such as 
aspartate transaminase (AST), alanine transaminase 
(ALT), gamma-glutamyl transpeptidase (GGT), α2 
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macroglobulin (an inhibitor of fibrinolysis), haptoglobin (a 
protein which binds to free hemoglobin), apolipoprotein 
A1 (component of high density lipoprotein), tissue 
inhibitor of metalloproteinase 1 (TIMP1), Chitinase-3-
like protein 1 (CHI3L1 also known as YKL-40, is a secreted 
glycoprotein) and constituents of extracellular matrix such 
as hyaluronic acid (HA) , laminin ,type Ⅳ collagen 7S 
domain, Pro-collagen Ⅲ (PⅢNP), procollagen Ⅰ carboxyl 
terminal peptide (PICP), procollagen Ⅳ C peptide, 
procollagen Ⅳ N peptide (7-S collagen), cytokeratin 
18 (CK-18 or KRT18- a type Ⅰ cytokeratin present in 
glandular epithelia of the digestive, respiratory and 
urogenital tracts etc.)[7-12].

pRImaRy eTIOlOgICal maRkeRs 
Of NaflD aND INDIReCT maRkeRs 
assOCIaTeD wITh DeClININg lIveR 
fUNCTION aND healTh
Type 2 diabetes mellitus and adipose tissue dysfunction 
results in deposition of fat in liver[3]. Insulin resistance, 
dyslipidemia and obesity are therefore markers of fatty 
liver disease. Similarly, dysfunction of other organ 
systems may result in liver pathology. Liver is a key 
organ in maintaining good health and liver damage 
results in secondary damage to other organ systems. 
Liver damage is associated with changes in platelet 
values, renal and nervous system pathology. NAFLD 
is associated with cardiovascular risk and events 
associated with primary arterial hypertension[1-3].

mICRORNas as bIOmaRkeRs IN NaflD
Recently, certain microRNAs were implicated in 
NAFLD, however, the available data is not sufficient to 
suggest their diagnostic use as markers of steatosis, 
inflammation or fibrosis. miR-122 and miR-34a levels 
were positively correlated with disease severity from 
simple steatosis to steatohepatitis. In both chronic 
hepatitis C (CHC) and NAFLD patients serum levels of 
miR-122 and miR-34a correlated with serum lipids, liver 
enzymes levels, and fibrosis stage and inflammation 
activity[26]. In a recent study, serum levels of circulating 
miRNAs, miR-21, miR-34a, miR-122 and miR-451 
were found associated with nonalcoholic fatty liver 
disease and the serum level of miR-122 was correlated 
with the severity of liver steatosis[27]. Over-expressed 
microRNA-27a and 27b influence fat accumulation 
and cell proliferation during rat hepatic stellate cell 
activation but corresponding data from human studies 
are not presently available or corroborative[28]. In 
another rat study, Venugopal et al[29], reported that 
liver fibrosis is associated with a down regulation of 
miRNA-150 and miRNA-194 in hepatic stellate cells 
and their overexpression causes decreased stellate cell 
activation. In a study by Alisi et al[30] in rats, the miRNAs 
analysis showed the significant down regulation of three 

miRNAs, (miR-122, miR-451 and miR-27) and the up 
regulation of three (miR-200a, miR-200b and miR-429) 
in high fat diet (standard diet with high fructose and 
high fat diet combined with high fructose).

NONalCOhOlIC sTeaTOhepaTITIs 
DIagNOsTIC paNels: The mORe 
paRameTeRs The beTTeR?
Although, there exists a variety of scoring systems and 
panels for evaluating the progression of fatty liver to 
NASH and cirrhosis exists, none of these markers can 
be a replacement for liver biopsy. Some of these panels 
depend on a dozen or more variables to derive the scores 
while others depend only on three or four parameters 
(Table 1). Despite the difference in the number of factors 
and the complexity of the mathematics involved in the 
biomarker panel development, the difference in efficiency 
and accuracy in diagnosing and/or staging inflammation 
and fibrosis that is associated with fatty liver disease is 
not very much different between these tests (see below).

Brief review on the biomarkers/panels in NAFLD
In a paper published in 2001 Dixon et al[31] found 
that: (1) a raised index of Insulin; Resistance (OR 
= 9.3); (2) systemic hypertension (OR = 5.2); and 
(3) raised alanine aminotransferase (OR = 8.6) were 
independent predictors of NASH. A combination of any 
two or all three of these predictors showed a sensitivity 
of 0.8 and specificity of 0.89 for NASH. The accuracy of 
the test was found by receiver operating characteristic 
(ROC) analysis. They reported an area under the curve 
(AUC) equal to 0.90 for the combination of these three 
predictors[31].

A composite index for distinguishing steatosis 
from NASH was formulated by Palekar et al[32] which 
included the risk factors, age > 50 years, female 
gender, AST 45 IU/L, BMI 30 kg/m2, AST/ALT ratio 
≥ 0.80, and HA ≥ 55 mcg/L, and its accuracy was 
determined by ROC analysis to be 0.763. The presence 
of three or more risk factors had sensitivity and 
specificity of 73.7% and 65.7% respectively[32].

A commercial panel, the “NashTest” from BioPredictive 
a French company, combines α2-macroglobulin, hapto-
globin, apolipoprotein A1, total bilirubin, GGT, fasting blood 
glucose (FBS), triglycerides (TG), cholesterol, ALT and AST, 
with parameters adjusted for patient’s age, gender, weight 
and height[33]. According to Thierry Poynard, the inventor 
of this patented test, the accuracy of NashTest was 
determined by ROC analysis. The AUC of the “NashTest” 
for diagnosing NASH in the training and validation groups 
were, 0.79 and 0.79 (P = 0.94) respectively[34]. Therefore 
the test result for “NashTest” was not quite as impressive; 
and we need several independent and international studies 
to prove the usefulness of the “NashTest”.

The “FibroTest” (in the United States it is marketed 
as “FibroSure”) is a hepatic damage score that is 
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Table 1  Some of these panels depend on a dozen or more variables to derive the scores while others depend only on three or four 
parameters

useful in a variety of diseases involving the liver. It is 
derived from age, gender and five serum markers[33]. 
The markers are α-2-macroglobulin, haptoglobin, 
apolipoprotein a1 (APOA1), GGT, total bilirubin. ALT is 
used in another sub-test called ActiTest, for measuring 
necro inflammatory activity in patients with chronic 
hepatitis C or B. The patented formula for calculating 
the FibroTest score logistic regression coefficient is the 
following or a variant which can be found in the public 
domain[35].

The “FibroTest” is well standardized, reproducible 
and commercially available. According to a report 
by Imbert-Bismut et al[36] the impact of parameter 
analytical variability on Fibrotest and Actitest results 
was less than 10% and intra-patient reproducibility 
was within acceptable limits[36]. FibroTest was 
evaluated in two groups, group 1 from a reference 
center and group 2 was a multicenter study. The ROCs 
for the diagnosis of advanced fibrosis (F2F3F4): 0.86 
in group 1 and 0.75 in group 2[37].

Biopredictive also offers the “SteatoTest” which 
combines α 2-macroglobulin, haptoglobin, APOA1, total 

bilirubin, GGT, fasting glucose, triglycerides, cholesterol 
and ALT, parameters adjusted for patient’s age, gender, 
weight and height according to the company’s website. 
Fibromax is the combination of FibroTest, SteatoTest 
and NashTest, available from the same company, 
“Biopredictive”[33].

FIB-4 is “an inexpensive and accurate marker 
of fibrosis in HCV infection in comparison with liver 
biopsy and Fibrotest” according to Vallet-Pichard et 
al[38] in a paper published in 2006. FIB-4, depends 
common clinical parameters-platelets, ALT, AST and 
age. According to the authors, “FIB-4 value < 1.45 
or > 3.25 (64.6% of the cases) was concordant with 
the FibroTest results in 92.1% and 76%, respectively” 
and AUC was 0.76. A 2009 study by Shah et al[39] 
compared the performance of the FIB4 index with six 
other non-invasive markers of fibrosis in patients with 
NAFLD. They found that the FIB4 index is superior to 
the other noninvasive markers of fibrosis in patients 
with NAFLD [the AUC was greatest for FIB4 (AUC = 
0.802)]. The authors however highlighted the need for 
even better noninvasive markers for NAFLD.
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Noninvasive test Parameters Disease AUC Ref.

APRI AST, platelet count Fibrosis, cirrhosis in 
mixed patient population

0.82 Adler et al[40], Hepatology (2008)

Enhanced liver fibrosis 
(ELF) test

Hyaluronic acid, tissue inhibitor of 
matrix metalloproteinase-1, amino 
terminal propeptide of procollagen 

type Ⅲ

NAFLD in children 0.92 to 0.99 Nobili et al[50], Gastroenterology (2009)
Chronic liver disease 0.80 Nobili et al[50], Gastroenterology (2009)

HAIR Hypertension, ALT, IR index NAFLD 0.90 Dixon et al[31], Gastroenterology (2001)
NashTest Alpha2-macroglobulin, haptoglobin, 

apolipoprotein A1, total bilirubin, 
GGT, fasting glucose, triglycerides, 
cholesterol, ALT, AST, age, gender, 

weight, height

NAFLD 0.79 Poynard et al[34], BMC Gastroenterology (2006)
A commercial panel 
from Biopredictive, 
France

FIB-4 Platelets, ALT, AST and age HCV fibrosis 0.76 Vallet-Pichard et al[38], Hepatology 2006
NAFLD fibrosis 0.80 Shah et al[39], Clinical Gastroenterology and Hepatol-

ogy (2009)
FibroTest/FibroSure α2-macroglobulin , apolipoprotein 

A1, haptoglobin, total bilirubin, GGT
NAFLD fibrosis 0.86 Ratziu et al[37], BMC gastroenterology (2006)

A commercial panel 
from Biopredictive, 
France

Age, AST, platelet HCV fibrosis   0.783 Hsieh et al[41], Chang Gung Med J (2009)
FibroQ Count, PT-INR (F2-4)
Lok index Platelet count, PT-INR, AST, ALT HCV fibrosis 0.78 Lok et al[42], Hepatology (2005)
Forns Score Age, platelet count, HCV fibrosis 0.86 Forns X et al, Hepatology (2002)

GGT, cholesterol Fibrosis from all causes 0.76 Adler et al[40], Hepatology (2008)
BARD Score Body-mass index, AST/ALT ratio, 

type 2 diabetes mellitus
NAFLD fibrosis 0.67 Ruffillo et al[47], Journal of Hepatology (2011)

NAFLD fibrosis score Age, hyperglycemia, body mass 
index, platelet count, albumin, and 

AST/ALT ratio

NAFLD fibrosis 0.82 Angulo et al[45], Hepatology (2007)
0.68 Ruffillo et al[47], Journal of Hepatology (2011)

Fibrometer Platelets, prothrombin index, 
aspartate aminotransferase, α2-

macroglobulin (A2M), hyaluronate, 
urea, and age

Viral and alcoholic 
chronic liver diseases 

fibrosis

  0.883 Calès et al[43], Hepatology (2005)

NAFLD   0.943 Calès et al[44], Journal of Hepatology (2009)

NashTest, FibroTest/FibroSure. SteatoTest and FibroMax are products from Biopredictive, France. FibroMax is the combination of NashTest, FibroTest/
FibroSure and SteatoTest. AUC: Area under the curve; APRI: AST-to-platelet ratio index; AST: Aspartate transaminase; ALT: Alanine transaminase; 
NAFLD: Nonalcoholic fatty liver disease; GGT: Gamma-glutamyl transpeptidase; HCV: Hepatitis C virus.
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The AST-to-platelet ratio index (APRI) was developed 
as a simple, easy to use method in clinics to predict, 
severe fibrosis or cirrhosis in both HCV mono-infected 
and co-infected (HCV and HIV) patients. According 
to a meta-analysis of twenty two studies with 4,266 
subjects, the summary AUCs of the APRI for significant 
fibrosis and cirrhosis were 0.76 and 0.82, respectively. 
For significant fibrosis, an APRI threshold of 0.5 was 
81% sensitive and 50% specific. The Forns Index is 
mathematically derived from four simple parameters, 
age, GGT, cholesterol and platelet count. This index is 
best studied in HCV related fibrosis and it is useful with 
AUC of 0.750 and 0.760 respectively for the prediction 
of significant fibrosis (F/S2-4) in HCV and fibrosis from 
all causes. Comparable values for FibroTest are AUC of 
0.794 and 0.800 respectively[40].

AST level, platelet count and prothrombin time 
(PT) international normalized ratio (INR) and the 
at onset are the variables considered in “FibroQ”, 
another test for predicting fibrosis in HCV developed 
by a group in Taiwan in 2009. According to these 
investigators, FibroQ performed better than APRI, 
but was similar to ALT/AST ratio, in the prediction 
of significant fibrosis (it was possible to distinguish 
between patients with or without fibrosis in 77% of 
the patient population)[41].

Lok et al[42] proposed another simple formula for 
predicting fibrosis in chronic hepatitis C (CHC). The 
Lok index was based on platelet count, PT-INR, serum 
AST and ALT levels. Lok et al[42] studied a cohort of 
1141 patients with CHC and reported an AUROC of 
0.78-0.81 to detect cirrhosis. Calès et al[43] in 2005 
reported a test which they named the “Fibrometer” 
to characterize different fibrosis parameters in viral 
and alcoholic chronic liver diseases. This test is based 
on the values platelets, prothrombin index, aspartate 
aminotransferase, α2-macroglobulin, hyaluronate, 
urea, and age. The AUC for Fibrometer was 0.883 
compared with 0.808 for the Fibrotest. Recently the 
same group used Fibrometer to measure fibrosis in 
NAFLD. They found that it was superior to NAFLD 
fibrosis score (NFSA) and APRI. AUC for Fibrometer 
was 0.943 and for NFSA and APRI the values were 
0.884 and 0.866, respectively[44]. The NAFLD fibrosis 
score was introduced by Angulo et al[45] in 2007 and 
includes routine clinical/lab variables such as age, 
hyperglycemia, body mass index, platelet count, 
albumin, and AST/ALT ratio. This scoring was efficient 
in predicting fibrosis and had an AUC of 0.82 in the 
validation group. Harrison et al[46] proposed an index, 
referred to as the BRAD score, which included- body-
mass index (BMI), AST/ALT ratio (AAR), and presence 
of type 2 diabetes mellitus. They scored these 
variables as follows-BMI ≥ 28 kg/m2 = 1 point, BMI < 
28 kg/m2 = 0 point; AST/ALT ratio ≥ 0.8 = 2 points, 
AST/ALT ratio < 0.8 = 0 points; freshly recognized or 
preexisting diabetes = 1 point. A total of 2-4 points 
meant significant fibrosis[46]. Ruffillo et al[47] evaluated 
the diagnostic accuracy of this score in NAFLD patients 

and concluded that this score is useful in identifying 
patients without severe fibrosis.

A total of 2411 patients with compensated CLD (HCV 
= 75.1%, HBV = 10.5%, NASH = 7.9%, HIV/HCV 
= 6.5%) were evaluated by APRI, Forns index, Lok 
index, AST/ALT ratio, Fib-4, platelets and Fibrotest-
Fibrosure against liver biopsy, in a multicenter study. 
This study concluded that the diagnostic performance 
is better for significant fibrosis for CHC compared 
with NAFLD patients, but accuracy was relatively poor 
among CHC patients with ALT[48].

Enhanced liver fibrosis (ELF) is a modified version 
of the original European Liver Fibrosis panel[49]. The 
original panel includes hyaluronic acid, tissue inhibitor 
of matrix metalloproteinases-1, amino terminal 
propeptide of procollagen type Ⅲ (which are involved 
in the synthesis and degradation of extracellular 
matrix) and age. Later the parameter “age” was 
removed from the panel establishing the enhanced 
liver fibrosis (ELF) test[49,50]. The test was effective in 
predicting NAFLD in children (AUC ranging from 0.92 
to 0.99, from fibrosis stage 1 to stage 3)[50].

hOw ImpORTaNT Is exaCT sTage 
INfORmaTION IN The maNagemeNT 
Of NaflD?
It seems, rather than patient management, exact stage 
information is more important in academic research 
and in clinical trials (especially where different drugs 
are being tried on a limited number of patients). There 
may be only subtle differences between some of these 
drugs, which can only be better identified if there 
exists a good scoring system to evaluate the progress 
or regression of steatohepatitis.

The appearance and persistence of inflammation 
is an important turning point in the history of fatty 
liver disease. The presence of inflammation in “fatty 
liver” needs to be taken quite seriously because it can 
progress to fibrosis depending on the patient’s genome 
and epigenome over time[1-4]. The major deficiency 
of most of the panels is the inability to identify this 
critical point effectively. Current panels are not 
reliable in distinguishing fatty liver disease from 
NASH accurately, although they are good at deciding 
fibrosis. Identification of fatty liver disease is important 
because of the associated liver, cardiovascular and 
cerebrovascular risk[3,51]. However when it comes to 
the disease staging, it is hitherto not clear whether 
accurate staging of the disease has a role in the 
management and what is its implication in practice.

The usefulness of accurate staging and grading 
of steatosis, inflammation and fibrosis in the mana-
gement of NAFLD is controversial because of the 
following reasons. Firstly, pharmacological treatment is 
not warranted for simple fatty liver (fatty liver without 
inflammation). Secondly, there are no approved drugs 
for NASH[5]. Finally, to date, anti-fibrotic treatment 
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of fibrosis represents, an unsuccessful area, by and 
large, for drug development[52]. Currently therapy for 
NAFLD aims at achieving good control of diabetes, 
hypertension and body mass in diabetic, hypertensive 
and overweight/obese NASH patients through phar-
macological, surgical or non-pharmacological methods 
such as lifestyle modification. There is no clear “evidence-
based treatment” for NAFLD[53,54]. A literature search, 
didn’t reveal to date, any definite guidelines from 
professional organizations other than what is described 
(vide-supra) for management of inflammation and 
fibrosis associated with NAFLD in a stage specific 
manner. It is therefore difficult to decide the usefulness 
of staging information on steatosis, inflammation and 
fibrosis in the currently available treatment methods 
for NAFLD. This implies, as far as treatment and 
benefit to the patients is concerned, small differences 
in efficiency (calculated often in terms of AUC by 
ROC analysis) between sophisticated, proprietary and 
costly/commercial tests and scoring algorithms versus 
simple, inexpensive, easily available non-proprietary 
tests and scoring systems may be insignificant (Table 
1). A simple criteria such as presence of diabetes over 
five years, metabolic syndrome, obesity, obstructive 
sleep apnea, AST/ALT ratio > 0.8 or ferritin levels > 1.5 
times normal in patients with over six months history 
of raised ALT and/or ultrasonological evidence of fat in 
liver would identify patients who need special care and 
personalized treatment depending on the comorbidities 
and etiology of NAFLD.

CONClUsION
Despite the extensive research, development and 
investment in the field of biomarkers for NAFLD, it is 
doubtful how much benefit this has brought to the 
patients. Commercial panels and scoring systems 
have not improved upon the simpler, widely available, 
cost effective tests and clinical parameters and they 
offer little benefit in the management of NAFLD. The 
performance to date of biomarkers depends very 
much on the patient, the etiology of NAFLD and the 
stages of the disease and cannot be considered as a 
replacement for liver biopsy. Biomarkers, therefore, 
should serve as a tool to optimize the selection of 
patients with NAFLD for liver biopsy. There is no clear 
evidence that liver biopsy and detailed staging of 
the disease significantly influences the management 
decisions and benefits the patient. After all, there 
is no “evidence based medicine” for NAFLD except 
the management of associated morbidities such as 
components of the “metabolic syndrome” or (the 
largely symptomatic management) of cirrhosis.
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Abstract
Overall 5-years survival of pancreatic cancer patients 

is nearly 5%, making this cancer type one of the most 
lethal neoplasia. Furthermore, the incidence rate of 
pancreatic cancer has a growing trend that determines 
a constant increase in the number of deceases caused 
by this pathology. The poor prognosis of pancreatic 
cancer is mainly caused by delayed diagnosis, early 
metastasis of tumor, and resistance to almost all tested 
cytotoxic drugs. In this respect, the identification of 
novel potential targets for new and efficient therapies 
should be strongly encouraged in order to improve 
the clinical management of pancreatic cancer. Some 
studies have shown that the mitochondrial uncoupling 
protein 2 (UCP2) is over-expressed in pancreatic cancer 
as compared to adjacent normal tissues. In addition, 
recent discoveries established a key role of UCP2 in 
protecting cancer cells from an excessive production 
of mitochondrial superoxide ions and in the promotion 
of cancer cell metabolic reprogramming, including 
aerobic glycolysis stimulation, promotion of cancer 
progression. These observations together with the 
demonstration that UCP2 repression can synergize with 
standard chemotherapy to inhibit pancreatic cancer 
cell growth provide the molecular rationale to consider 
UCP2 as a potential therapeutic target for pancreatic 
cancer. In this editorial, recent advances describing 
the relationship between cancer development and 
mitochondrial UCP2 activity are critically provided.

Key words: Uncoupling protein 2; Target therapy; 
Reactive oxygen species; Metabolism; Pancreatic cancer

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The dramatic poor prognosis of pancreatic 
cancer forces towards the identification of novel 
efficient therapeutic targets against this neoplasia. 
Overexpression of uncoupling protein 2 (UCP2) and its 
functional involvement in cancer development, reactive 
oxygen species production, and cancer metabolic 
reprogramming may represent the rationale and the 
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starting point for future drug design projects focused 
on the identification of specific UCP2 inhibitors as 
innovative therapeutic tool against pancreatic cancer.
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INTRODUCTION
Pancreatic cancer (PC) ranks amongst the most lethal 
cancers and has a mortality rate that nearly equals 
the incidence rate and an overall 5-years survival of 
approximately 5%[1,2]. Dismally, its mortality rate has 
been increasing in the last years with a prediction for 
next years having the same trend. In contrast, in the 
last decades, an overall reduction in cancer-related 
mortality in Western countries has been observed 
for lung, breast, colorectal, and prostate cancers[3]. 
The reduced cancer mortality for the latter tumors 
is likely the result of several strategies, including 
development of early detection, prevention programs, 
and the discovery of new therapeutic targets and 
drugs. In the case of PC, because of its low incidence, 
population-based screening has been considered 
not feasible[4]. Indeed, the worldwide incidence of all 
the types of pancreatic cancers (85% of which are 
adenocarcinomas) ranges from 1 to 10 cases per 
100000 people and is generally higher in developed 
countries and among men. Furthermore, PC has been 
classified as the eighth leading cause of death for 
cancer in men and the ninth in women[5]. Pancreatic 
adenocarcinoma (PDAC), the most aggressive and 
frequent PC, possesses a variety of hallmarks that 
include: (1) high rate of KRAS activating mutations; 
(2) progression from distinct types of precursor 
lesions; (3) propensity for both local invasion and 
distant metastasis; (4) extensive stromal reaction 
(desmoplasia) resulting in a hypovascular and hypoxic 
microenvironment; (5) reprogramming of cellular 
metabolism; and (6) tumor immune evasion[6]. More 
than 90% of all grades pancreatic intraepithelial 
neoplasia possess KRAS mutations[7]. Instead, the 
mutational inactivation of the CDKN2A, p53, and 
SMAD4 tumor suppressors has been detected with 
increasing frequency in type Ⅱ and type Ⅲ lesions of 
pancreatic intraepithelial neoplasia, suggesting that 
they may represent rate-limiting events for tumor 
progression, while KRAS mutations would contribute to 
its inception[8]. The epidermal growth factor receptor, 
the nuclear factor κB, the antiapoptotic protein Bcl-
xL, and mitogen-activated protein kinase pathways 
have also been shown to contribute to KRAS-mediated 
pancreatic adenocarcinoma, suggesting alternative 

combinatorial tumorigenic strategies[9-11].
Several efforts made to identify pancreatic tumor 

biomarkers[12,13] have brought to the identification of 
the carcinoembryonic antigen and the carbohydrate 
antigen 19-9, which, however, are considered low 
sensitive and specific for screening pancreatic cancer 
at early stages. Despite these advances, more than 
90% of patients who have received a diagnosis of 
pancreatic cancer die from the disease as a result 
of extensive metastasis (70%) or of bulky primary 
tumors with limited metastatic disease (30%)[14]. 
Thus, delayed diagnosis, early metastasis, and 
resistance to almost all the classes of cytotoxic drugs 
are considered the main causes of the extremely poor 
prognosis of PC. For all these reasons, research is now 
focused on the identification of new prognostic and 
diagnostic biomarkers and efficient therapeutic targets 
in order to improve the clinical management of PC. 
In this respect, we here provide critical comments on 
the possible usage of the antioxidant mitochondrial 
uncoupling protein 2 (UCP2) as a new potential target 
for PC treatment. Several studies have indeed shown 
that UCP2 is broadly over-expressed in various cancer 
types and its over-expression is strictly related with 
the regulation of reactive oxygen species (ROS) and 
cell metabolism (including autophagy), both processes 
known to be generally altered in cancer cells.

Uncoupling protein superfamily
Mitochondrial ATP production occurs by coupling 
the electron transport chain (ETC) with the phos-
phorylation of ADP into ATP, the so-called oxidative 
phosphorylation. These two processes are not always 
efficiently coupled, mainly because of the presence 
in the inner membrane of mitochondrial transporters, 
such as uncoupling proteins (UCPs). The UCPs belong 
to the superfamily of anion transport carriers of the 
mitochondrial inner membrane[15] and some of them 
are involved in thermogenesis and regulation of 
mitochondrial ROS. UCP1 was first discovered and 
cloned in 1986[16] and is involved in the non-shivering 
thermogenesis activity of brown adipose tissue (BAT)[17]. 
Since then, the discovery of UCPs has grown rapidly, 
UCP1 homologues being found across mammalian 
species (UCP2 and UCP3) but also in other eukaryotes 
from plants to animals[18,19]. UCP1, UCP2, and UCP3 
are thought to differ in the nature of their uncoupling 
activity[20,21] and of their potential physiological roles[22]. 
A rapid overview of data collected on UCP1, 2 and 3 
highlights how these proteins differ from each other. 
First, while UCP1 tissue expression is localized and 
abundant in BAT, UCP2 has been found in several 
tissues, including liver, brain, pancreas, adipose 
tissue, immune cells, spleen, kidney, and the central 
nervous system[23-25], and UCP3 is mainly present in 
the skeletal muscle[18]. Also, the physiological role of 
UCP1 is restricted to thermogenesis, which is unlikely 
to be the role for UCP2 and 3, as shown by their 
respective knock-out models[26,27]. UCP2 and 3 have 
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been involved in a number of postulated functions 
in energy regulation, including regulation of insulin 
secretion[28] or ROS production and control of the 
immune response[26]. The other two members of the 
UCP superfamily, UCP4 and UCP5, are expressed 
in a tissue-specific manner and are involved in 
mitochondrial membrane potential reduction[29].

UCP2 and reactive oxygen species
The cellular antioxidant systems include a large set of 
enzymes and low-molecular-weight compounds that 
sequester excessively generated ROS or prevent their 
production by aerobic respiration. Some antioxidant 
systems can be energetically expensive because of 
their dependence on both ATP and NADPH usage. The 
UCP system represents an acute and energetically 
costly mechanism to decrease ROS production in 
mitochondria[30]. Indeed, as shown in Figure 1, the 
uncoupling of oxidative phosphorylation is a short 
circuit in which the transport of protons from the 
intermembrane space to the matrix bypasses ATP 
synthase resulting in a decrease of: (1) mitochondrial 
inner membrane potential; (2) leakage of electrons 
from ETC; and (3) consequently, ROS generation. The 
existence of a strong correlation between mitochondrial 
membrane potential and ROS production is well 
known[31]. Minor increases in membrane potential 
induce ROS formation, whereas slight decreases can 
substantially diminish their production, without greatly 
lowering the efficiency of oxidative phosphorylation. 

Hence, the mild uncoupling of mitochondrial oxidative 
phosphorylation may represent the first line of defense 
against oxidative stress[32]. According to this pattern, 
UCP2 can dissipate the proton gradient to prevent the 
proton-motive force from becoming excessive, thus 
decreasing ROS produced by electron transport[33]. 
Overall, it is estimated that 0.2%-2% of the O2 
consumed in mitochondria is reduced to superoxide 
by electron leakage. Mitochondrial superoxide ion is 
considered the initial and leading molecule of ROS 
signaling and is generally converted into hydrogen 
peroxide (H2O2) by superoxide dismutases. In 
addition, upon reaction with H2O superoxide ion can 
generate hydroxyl radicals (•HO) implicated in lipid 
damage and protein oxidation[34,35]. The electron 
leakage causing superoxide production can occur 
both at complex Ⅰ (CⅠ) and complex Ⅲ (CⅢ) of 
the respiratory chain[36]: at CⅠ, superoxide has 
been shown to be exclusively directed toward the 
mitochondrial matrix and converted into membrane-
permeable H2O2 by manganese-superoxide dismutase 
(Mn-SOD), while at CⅢ, superoxide is released to both 
the matrix and the intermembrane space where it 
can be converted into H2O2 by copper/zinc-superoxide 
dismutase (Cu/Zn-SOD) (Figure 1)[37]. In addition, 
some evidence indicates that mitochondrial matrix-
directed superoxide can be released from mitochondria 
through voltage dependent anion channels causing 
an increase of cytosolic ROS[38]. Therefore, UCP2 acts 
as a sensor of mitochondrial oxidative stress and 
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constitutes an important component of local feedback 
mechanisms generally implicated in cyto-protective 
activities controlling the production of mitochondrial 
ROS and regulating redox-sensitive cytosolic signaling 
pathways.

UCP2 and cancer metabolism
In 1956, Warburg et al[39] proposed that cancer was 
caused by defects in mitochondria, forcing cells to 
shift to energy production through glycolysis despite 
aerobic conditions. This characteristic of cancers is 
described as the ‘‘Warburg effect.’’ Warburg statement 
is based on the observation that the irreversible injury 
to mitochondrial respiration is followed by a long fight 
for existence in which a part of the cells perishes 
for lack of energy while another part succeeds in 
replacing the lost respiration energy by developing 
aerobic glycolysis. The Warburg effect, considered now 
a hallmark of cancer, plays an important role in the 
growth of tumors, including gastrointestinal cancers, 
by remodeling the metabolic profile in order to allow 
tumor cell survival under adverse conditions[40]. More 
recently, some scientists tried to create a cellular 
model of the Warburg effect by developing an 
epithelial cell line lacking mitochondrial DNA (rho0)[41]. 
Among the regulated genes, UCP2 expression was 
predominantly higher in rho0 cells suggesting that 
UCP2 may inhibit ROS accumulation and protect 
the cells from excessive ROS production induced by 
mitochondrial defects linked to Warburg effect. In this 
respect, UCP2 may function as a potential diagnostic 
marker of cancer associated with the Warburg 
effect[42]. In addition to its antioxidant role, UCP2 acts 
as a direct metabolic regulator contributing to the 
Warburg phenotype. Indeed, as schematically reported 
in Figure 2, UCP2 has been proposed to function as 
a uniporter for pyruvate, which promotes pyruvate 
efflux from mitochondria, restricts mitochondrial 
respiration, and increases the rate of glycolysis in cancer 

cells[43]. Furthermore, UCP2 catalyzes the exchange 
of intramitochondrial C4 metabolites for cytosolic 
phosphate by an H+-assisted mechanism, which is 
stimulated by both the electrical potential (negative 
inside) and pH gradient (acidic outside) existing across 
the inner mitochondrial membrane of respiring cells[44]. 
In particular, by exporting oxaloacetate and related 
C4 compounds from mitochondria, UCP2 negatively 
controls the oxidation of acetyl-CoA-producing 
substrates via the Krebs cycle, thus lowering the 
redox pressure on the mitochondrial respiratory chain, 
the ATP: ADP ratio, and ROS production. Notably, 
the mitochondrial concentration of oxaloacetate is 
usually very low, and its availability regulates the 
entry of acetyl-CoA into the Krebs cycle. Thus, UCP2 
prevents mitochondrial glucose oxidation and favors 
a higher glucose utilization by aerobic glycolysis. In 
this context, our research group further confirmed 
the pro-glycolytic effect of UCP2 demonstrating for 
the first time that UCP2 can stabilize the glycolytic 
enzyme glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) in the cytoplasm of cancer cells[45]. Accor-
dingly, in response to oxidative stress, GAPDH has 
been demonstrated to undergo protein oxidation 
of redox-sensitive cysteine residues that stimulates 
its translocation to cell nuclei[46], where the enzyme 
favors transcriptional induction of cell death-related 
genes[47,48]. Thus, the antioxidant effect of UCP2 can 
inhibit both GAPDH oxidation and nuclear translocation 
supporting the glycolytic flux and preventing cancer 
cells from stimulating cell death mechanisms (Figure 2).

UCP2 and pancreatic cancer
A careful analysis of the recent scientific literature 
concerning the role of UCP2 in tumor development 
reveals that UCP2 and cancer may have a double 
relationship. Indeed, a dual regulation of UCP2 
expression, depending on the stages of cancer 
development, has been observed in many tumor types. 
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A number of studies have established the key role that 
UCP2 has in tumorigenesis and in chemoresistance. 
The generally accepted thesis envisages that, during 
the first stages of tumorigenesis, UCP2 is repressed to 
allow ROS accumulation and genomic instability, while 
it is triggered or over-expressed in the following stages 
of cancer development, determining chemoresistance 
and tumor aggressiveness by defending cancer 
cells from apoptosis through the negative regulation 
of mitochondrial ROS production (Figure 3)[49-51]. 
Accordingly, UCP2-null mice have a predisposition 
for enhanced tumorigenesis in the proximal colon, 
providing the first in vivo confirmation of a link between 
mitochondrial uncoupling proteins and cancer[52], while 
highly expressed UCP2 is associated with metastatic 
colon cancer and tumor aggressiveness[53]. The 
dual and opposite regulation of UCP2 expression in 
various stages of tumor development has also been 
demonstrated in breast cancer. In this system, the 
repression of UCPs by estrogens, a major risk factor 
for breast cancer initiation, may play a key role in 
estrogen-induced breast carcinogenesis[54]. On the 
contrary, the enhanced expression of UCP2 has been 
correlated to breast cancer progression. Indeed, a 
significant correlation between UCP2 levels and tumor 
grade-associated functional phenotypes has been 
found in a large number of breast cancer patients (n 
= 234)[55]. Concerning PC, some studies have shown 
that the protein level of UCP2 is significantly higher 
in human PC samples than in the adjacent normal 
tissues, suggesting that UCP2 may promote tumor 
growth in this tumor type[56]. An extensive study on 
Oncomine data sets addressed to analyze the UCP2 
expression level in a number of cancer types, including 
pancreatic cancer, has revealed that UCP2 is over-
expressed in ovarian, bladder, esophageal, testicular, 

kidney, colorectal, lung, breast, leukemia, prostate, as 
well as pancreas cancers[42]. This study has concluded 
that UCP2 over-expression is a general phenomenon 
linked to the progression of human cancers. Along this 
line of evidence, our research group has demonstrated 
that increased expression of UCP2 mRNA directly 
correlates with resistance to gemcitabine treatment, 
in a panel of pancreatic adenocarcinoma cell lines, 
and that the UCP2 gene is induced by gemcitabine, 
demonstrating that the antioxidant effect of UCP2 
plays a critical role in pancreatic cancer cell resistance 
to standard chemotherapy. We have also shown that 
UCP2 inhibition has a synergistic antiproliferative 
effect with gemcitabine in pancreatic adenocarcinoma 
cell growth[57]. Despite the availability of the above 
described data on the relationship between UCP2 
expression/activity and PC, we believe that further 
studies need to be performed in order to better clarify 
the functional role of UCP2 in PC tumorigenesis and 
progression. Of crucial importance will be analyses on 
proteome and metabolic profiles of pancreatic cancer 
cells after knock-down or over-expression of UCP2 
and clinical studies correlating UCP2 expression with 
clinicopathological factors and prognosis outcome on 
PC patients.

CONCLUSION
UCP2 over-expression may be considered a strategy 
adopted by cancer cells to protect themselves from 
excessive ROS production and to support the Warburg 
effect by reprogramming cancer cell metabolism. 
Thus, UCP2 inhibition can represent a therapeutic 
opportunity, in association to radio- or chemo-therapy, 
to treat tumors resistant to traditional therapy, such 
as PC. For this reason, we believe that UCP2 may 
be considered a potential target therapy for this 
tumor type. However, an efficient and specific UCP2 
inhibitor is not yet available. The tools currently used 
in research studies to inhibit UCP2 are the genetic 
repression of UCP2 mRNA by a specific siRNA or the 
inhibition of UCP2 activity by genipin, a natural aglycon 
derived from geniposide, an iridoid glycoside extracted 
from the fruit of gardenia jasminoides. Genipin, 
however, has unspecific pharmacological properties 
including anti-inflammatory and antidepressant-
like effects[58]. Thus, drug design research to identify 
or synthetize a specific and effective UCP2 inhibitor 
should be strongly encouraged in order to counteract 
progression of pancreatic cancer and of many other 
tumor types over-expressing this protein, which is 
crucial for their aggressive phenotype.
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Abstract
AIM: To investigate urotensin-Ⅱ (UⅡ) and its effects 
on tumor necrosis factor (TNF)-α and interleukin (IL)-1β 
in early acute liver failure (ALF). 

METHODS: We investigated the time-dependent 
alteration in UⅡ levels and its effects on TNF-α 

and IL-1β in liver and blood in the early stage of 
lipopolysaccharide/D-galactosamine-induced ALF. 

RESULTS: After lipopolysaccharide/D-galactosamine 
challenge, UⅡ rose very rapidly and reached a maximal 
level 0.5 h, and the level remained significantly 
elevated after 2 h (P  < 0.05). Six hours after challenge, 
UⅡ began to degrade, but remained higher than at 0 
h (P  < 0.05). Pretreatment with urantide, an inhibitor 
of the UⅡ receptor, suppressed the degree of UⅡ 
increase in liver and blood at 6 h after challenge (P  < 
0.05 vs  paired controls). In addition, liver and blood 
TNF-α increased from 1 to 6 h, and reached a peak at 
1 and 2 h, respectively; however, IL-1β did not rise until 
6 h after challenge. Urantide pretreatment inhibited 
the degree of TNF-α and IL-1β increase following 
downregulation of UⅡ post-challenge (all P  < 0.05).

CONCLUSION: UⅡ plays a role in the pathogenesis 
and priming of ALF by triggering an inflammatory 
cascade and driving the early release of cytokines in 
mice.

Key words: Acute hepatic failure; Interleukin-1β; Mouse; 
Tumor necrosis factor α; Urantide; Urotensin-Ⅱ

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In this study, we found that urotensin-Ⅱ (U
Ⅱ) increased before tumor necrosis factor (TNF)-α 
and interleukin (IL)-1β following lipopolysaccharide/
D-galactosamine challenge. Furthermore, pretreatment 
with urantide, an inhibitor of the UⅡ receptor, blocked 
TNF-α and IL-1β increases following downregulation 
of UⅡ in liver and blood at different time points after 
challenge. Therefore, UⅡ may play a pivotal role in 
the pathogenesis and priming of acute liver failure by 
triggering the inflammatory cascade, and initiating 
and driving the early release of TNF-α and IL-1β in 
lipopolysaccharide/D-galactosamine-challenged mice.
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INTRODUCTION
Urotensin-Ⅱ (UⅡ), a somatostatin-like cyclic 
vasoactive polypeptide, is released from numerous 
tissues[1,2], and exerts a wide range of actions in the 
progression of many diseases, including cardiovascular, 
endocrine, immune system, and kidney diseases[3]. 
A recent study found that UⅡ level in plasma 
and liver was upregulated in patients with acute 
liver failure (ALF)[4]. UⅡ and its G-protein coupled 
receptor, GPR14, are mainly expressed in Kupffer 
and endothelial cells in liver tissues during ALF[4]. 
Kupffer and endothelial cells are important immune 
inflammatory cells in organisms; thus, there seems 
to be an interrelationship between the high level 
of UⅡ polypeptide and immune-mediated hepatic 
inflammatory injury in ALF.

ALF is an inflammatory process caused by a variety 
of proinflammatory cytokines, including interleukin 
(IL)-1β and IL-6, and particularly tumor necrosis 
factor (TNF)-α[5,6]. The cascades of these cytokines 
induced by the early burst of TNF-α result in acute 
inflammation in liver tissues, and lead to ALF[7]. Our 
recent study showed that high UⅡ-mediated ALF was 
associated with the upregulation of proinflammatory 
cytokines[8]. However, the impact of UⅡ on these 
cytokines in patients with ALF remains unclear. 
Therefore, we investigated the time-dependent 
alteration in UⅡ level and its effects on TNF-α and IL-
1β levels in the early stage of ALF.

MATERIALS AND METHODS
Materials
Lipopolysaccharide (LPS) (Escherichia coli strain O55: 
B5) and D-galactosamine (D-GalN) were obtained from 
Sigma-Aldrich (St. Louis, MO, United States). Urantide 
was purchased from Peptides (Louisville, KY, United 
States). Male BALB/c mice (6 wk of age) weighing 
20-22 g were obtained from the Animal Center of the 
First People’s Hospital Affiliated to Shanghai Jiaotong 
University, and maintained in specific pathogen-free 
air at a temperature of 22 ± 2 ℃ with a 12 h light/
dark cycle and relative humidity of 50%. Animal care 
and treatment were humane and in compliance with 
the recommendations in the Guide for the Care and 
Use of Laboratory Animals of the National Institutes of 
Health. The protocol was approved by the Committee 
on the Ethics of Medical Scientific Research of the 
First People’s Hospital, Shanghai Jiaotong University 
(No: 2013KY041). All surgeries were performed under 

sodium pentobarbital anesthesia, and all efforts were 
made to minimize suffering.

Experimental design
Mice were injected intraperitoneally with 800 mg/
kg D-GalN and 50 µg/kg LPS dissolved in 200 µL of 
pyrogen-free normal saline[9]. The mice were randomly 
divided into two groups: non-urantide, which received an 
intravenous injection of 100 µL normal saline, or urantide 
pretreatment, with 0.6 mg/kg urantide dissolved in 
100 µL normal saline 30 min before the LPS/D-GalN 
injection, as previously described[8]. The mice were then 
anesthetized and killed at 0.0, 0.5, 1.0, 2.0 and 6.0 h 
after the LPS/D-GalN injection (n = 6 at each time point 
per group), and blood and liver were collected for testing.

Reverse transcription-polymerase chain reaction
Total RNA was extracted from liver tissues with 
TRIzol reagent (Invitrogen of Thermo Fisher Scien-
tific, Waltham, MA, United States) following the 
manufacturer’s instructions. Two micrograms of total 
RNA were used for the synthesis of first-strand cDNA 
with an M-MLV reverse transcription (RT) kit (Fermentas 
of Thermo Fisher Scientific). The polymerase chain 
reaction (PCR) primers were designed by Primer 
Premier 6.0 software (PremierBiosoft, Palo Alto, CA, 
United States) from the reported sequences (GenBank 
accession number X66539 for TNF-α, NM031512 for IL-
1β, NM011910 for UⅡ, and NM031144 for β-actin) (Table 
1). PCR was performed with the following thermal 
cycling conditions: denaturation at 94 ℃ for 5 min 
followed by 32 cycles of denaturation at 94 ℃ for 1 min, 
primer annealing at 58 ℃ (for UⅡ) or 55 ℃ (for TNF-α 
and IL-1β) for 45 s, and primer extension at 72 ℃ for 
45 s, with a final extension at 72 ℃ for 10 min.

Enzyme-linked immunosorbent assay
Serum cytokine levels, including TNF-α and IL-1β, were 
quantified using an enzyme-linked immunosorbent 
assay (ELISA) kit (R&D Systems Inc., Minneapolis, 
MN, United States) according to the manufacturer’s 
protocol; and serum UⅡ levels were determined using 
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Table 1  Polymerase chain reaction primer sequences and 
product lengths

Gene Primer sequences Product 
size (bp)

UⅡ Sense: 5’-GAGCATTCCCTTCATCGTAG-3’ 385
Antisense: 5’-CATAGCGTTCACTGCTCATT-3’

TNF-α Sense: 5’-GGCGGTGCCTATGTCTACG-3’ 354
Antisense: 5’-GACAAGCCTGTAGCCCACC-3’ 

IL-1β Sense: 5’-CCAGTGAAATGATGGCTTATTACAG-3’ 151
Antisense: 5’-GTAGTGGTGGTCGTAGATTCGTA-3’ 

β-actin Sense: 5’-CCTGGCACCCAGCACAAT-3’ 156
Antisense: 5’-GGGCCGGACTCGTCATAC-3’
Sense: 5’-ATATCGCTGCGCTGGTCGTC-3’ 517

Antisense: 5’-AGGATGGCGTGAGGGAGAGC-3’

IL: Interleukin; TNF: Tumor necrosis factor; UⅡ: Urotensin-Ⅱ.



an enzyme immunoassay kit (Phoenix Biotech, Beijing, 
China), based on the principle of a “competitive” enzyme 
immunoassay[10], according to the manufacturer’s 
guidelines.

Statistical analysis
SPSS 13.0 statistical software (SPSS Inc., Chicago, IL, 
United States) was used in the study. The results are 
expressed as means ± standard deviation. A P < 0.05 
was considered statistically significant.

RESULTS
Time course of UⅡ in the early stage of the LPS/D-GalN 
challenge in mouse liver and blood
A rapid increase in UⅡ level was observed in the very 
early stage of the LPS/D-GalN challenge in mice with 
or without urantide pretreatment. As shown in Figure 
1, LPS/D-GalN induced a significant increase in UⅡ, 
which reached a peak from 0.5 to 2.0 h and remained 
elevated in liver and blood at 6 h (both P < 0.05). 
However, in urantide-pretreated mice, UⅡ levels were 
statistically lower from 0.5 to 6.0 h after challenge 
compared with the paired control (all P < 0.05).

Time-dependent expression of TNF-α in the early stage 
of the LPS/D-GalN challenge in mouse liver and blood
TNF-α levels were measured in the early stage of the 
LPS/D-GalN challenge in liver and blood in mice with 
or without urantide pretreatment. As shown in Figure 
2, TNF-α increased and peaked at 1 and 2 h, and 
remained elevated at 6 h after drug administration in 
liver and blood (both P < 0.05). TNF-α levels in liver 
and blood were not significantly different between 0 
and 0.5 h. However, TNF-α levels in liver and blood in 
urantide-pretreated mice were significantly lower than 
in paired control mice from 1 to 6 h after challenge (all 
P < 0.05).

Time-dependent alteration in IL-1β in the early stage of 
the LPS/D-GalN challenge in mouse liver and blood
The time-dependent alteration in IL-1β following 
urantide pretreatment was also determined in the 
early stage of the LPS/D-GalN challenge. As shown in 
Figure 3, IL-1β did not increase in liver and blood until 
6 h after the LPS/D-GalN challenge (P < 0.05). IL-1β 
levels were not significantly different at 0.0, 0.5, 1.0, 
and 2 h. However, urantide pretreatment lowered IL-1β 
levels in liver and blood compared with paired control 
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Figure 1  Time-dependent expression of urotensin-Ⅱ in the early stage of lipopolysaccharide/D-galactosamine challenge in mice with or without urantide 
treatment. A: Representative ethidium bromide-stained gel of reverse transcription-PCR products from liver (M: DNA marker; Lines 1, 2, 3, 4, and 5: 0.0, 0.5, 1.0, 
2.0, and 6.0 h after LPS/D-GalN challenge, respectively); B: Relative expression levels of UⅡ mRNA in the liver (normalized to β-actin); C: Levels of UⅡ secretion in 
blood as assayed by ELISA. Values are mean ± standard deviation (n = 6); aP < 0.05 vs 0 h; cP < 0.05 vs 6 h; eP < 0.05 vs mice without urantide pretreatment. UⅡ: 
Urotensin-Ⅱ; LPS: Lipopolysaccharide; D-GalN: D-galactosamine.
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inflammatory diseases. To validate the role of UⅡ 
signals in the pathogenesis of ALF, we serially tested 
the levels of UⅡ in liver and blood to investigate the 
sequence of events preceding acute liver damage, 
which was not fully apparent until 6 h after co-
administration of LPS/D-GalN[5]. An early event prior 
to obvious injury may reveal the pathophysiologic 
mechanisms of ALF. We found that UⅡ is significantly 
induced in liver and plasma 6 h after LPS/D-GalN 
challenge, increasing and reaching a maximal level 
very rapidly. At 6 h after the challenge, UⅡ levels 
began to degrade, but remained high. In addition, we 
also observed that urantide pre-treatment suppresses 
the degree of this increase, suggesting an autocrine 
loop in the in vivo production of UⅡ. With positive 
feedback, early enhancement of UⅡ expression may 
be induced, finally leading to hepatic inflammatory 
injury after the LPS/D-GalN challenge. Therefore, UⅡ 
has cytokine-like activity.

To gain further mechanistic insights, we determined 
whether UⅡ has an effect on proinflammatory 
cytokines, including TNF-α and IL-1β, the pacing 
factors in the inflammatory response to hepatic 
injury. TNF-α in liver and blood increases following U
Ⅱ upregulation, but not until 1 h after the LPS/D-GalN 

mice at 6 h after challenge (P < 0.05).

DISCUSSION
LPS induces lethal ALF in mice sensitized by D-GalN[11]. 
For more than 20 years, LPS/D-GalN-induced hepatitis 
in mice has been regarded as a well-established model 
for gaining insight into the mechanism of ALF[12,13]. 
Our previous reports showed that the simultaneous 
administration of LPS and D-GalN led to high mortality 
due to a severe hepatic inflammatory response 
followed by massive cell apoptosis and necrosis in 
mice[5,8,14]. Elevated levels of UⅡ were also observed in 
the liver and blood in this animal model, and blockade 
of the signal with urantide markedly suppressed liver 
apoptosis and acute inflammation[8]. 

UⅡ is a cyclic polypeptide that exerts a wide 
range of actions in health and disease[15,16], and has 
an important effect on inflammation-related diseases, 
such as hypertension[17], coronary atherosclerosis[18], 
chronic glomerulonephritis[19], and hepatic cirrhosis[20]. 
Patients with ALF also exhibit enhanced expression 
of UⅡ in the liver[4]. Watanabe et al[21] and Ban et 
al[22] showed that UⅡ is associated with endothelial 
dysfunction-related diseases and immune-driven 
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Figure 2  Time-dependent expression of tumor necrosis factor-α in the early stage of lipopolysaccharide/D-galactosamine challenge in mice with or 
without urantide pretreatment. A: Representative ethidium bromide-stained gel of reverse transcription-PCR products from liver (M: DNA marker; Lines 1, 2, 3, 4, 
and 5: 0.0, 0.5, 1.0, 2.0, and 6.0 h after LPS/D-GalN challenge, respectively); B: Relative expression levels of TNF-α mRNA in the liver (normalized to β-actin); C: 
Levels of TNF-α secretion in blood as assayed by ELISA. Values are mean ± standard deviation (n = 6); aP < 0.05 vs 0 h; cP < 0.05 vs 6 h; eP < 0.05 vs mice without 
urantide pretreatment. TNF: Tumor necrosis factor; LPS: Lipopolysaccharide; D-GalN: D-galactosamine.
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challenge. This is subsequently followed by elevations 
of liver and blood IL-1β levels, the secretion of which 
did not rise until 6 h after the LPS/D-GalN challenge. 
This time-dependent alteration suggests a causal 
relationship between UⅡ and both TNF-α and IL-1β in 
early ALF. 

To confirm this deduction, the potency of the UⅡ 
receptor antagonist, urantide, was evaluated by the 
expression of TNF-α and IL-1β. We found that urantide 
pretreatment suppresses the increase in UⅡ, and 
reduces the degree of increase of TNF-α and IL-1β 
at different time points in the early stage of the LPS/
D-GalN challenge. These results extend our previous 
finding on the inhibitory effect of urantide on the 
production of proinflammatory cytokines in mice with 
ALF[8]. From these results, we suggest that the sharp 
and rapid upregulation of UⅡ induces early expression 
and secretion of TNF-α and IL-1β. 

TNF-α is known to play a central role in the 
pathogenesis of LPS/D-GalN-induced liver failure[23] by 
inducing the release of a variety of proinflammatory 
cytokines, including IL-1β[7]. Previous reports showed 
that UⅡ induced the expression of IL-6[24], and was 
upregulated by IFN-γ[25]. Therefore, UⅡ is involved in 
the vicious cycle of inflammatory cytokine release in 
immune-related tissue injury.

In conclusion, UⅡ can cause acute liver injury by 
triggering the inflammatory response, and by initiating 
and driving the early release of proinflammatory 
cytokines in LPS/D-GalN-challenged mice.

COMMENTS
Background
Urotensin-Ⅱ (UⅡ) plays a role in inflammation-related diseases and is 
upregulated in acute liver failure (ALF), an inflammatory process caused 
by proinflammatory cytokines including tumor necrosis factor (TNF)-α and 
interleukin (IL)-1β. However, the impact of UⅡ on these cytokines remains 
elusive.
Research frontiers
This study examines the mechanisms of immune-mediated inflammatory injury 
in acute liver failure, and the role of the urotensin system in tissue damage and 
inflammation.
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This study demonstrated that UⅡ may cause acute liver injury by triggering 
the inflammatory response, and by initiating and driving the early release of 
proinflammatory cytokines in lipopolysaccharide/D-galactosamine-challenged 
mice.
Applications
The urotensin system may be a new research hotspot in mechanistic studies, 
and may provide a new drug target for the future treatment of ALF.
Terminology
ALF is a life-threatening clinical syndrome with a sudden loss of hepatic 
function in patients with no preexisting history of liver disease. The pathologic 
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Figure 3  Time-dependent expression of interleukin-1β in the early stage of lipopolysaccharide/D-galactosamine challenge in mice with or without urantide 
pretreatment. A: Representative ethidium bromide-stained gel of reverse transcription-PCR products in liver (M: DNA marker; Lines 1, 2, 3, 4, and 5: 0.0, 0.5, 1.0, 
2.0, and 6.0 h after LPS/D-GalN challenge, respectively); B: Relative expression levels of IL-1β mRNA in the liver (normalized to β-actin); C: Levels of IL-1β secretion 
in blood as assayed by ELISA. Values are mean ± standard deviation (n = 6); aP < 0.05 vs 0 h; cP < 0.05 vs 6 h; eP < 0.05 vs mice without urantide pretreatment. IL: 
Interleukin; LPS: Lipopolysaccharide; D-GalN: D-galactosamine.
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feature of ALF is the death of a large number of parenchymal hepatocytes 
resulting from cell apoptosis and necrosis. Massive cell loss leads to functional 
impairment of the liver, and ultimately, multi-organ failure and death. Mortality 
is high in patients with ALF (approximately 90%). UⅡ, initially isolated from the 
teleost urophysis, is a somatostatin-like cyclic neuropeptide widely distributed 
in many tissues in many classes of vertebrates, including humans, and exerts 
biologic actions in both physiologic and pathologic conditions.
Peer-review
The paper investigated the role of UⅡ in modifying the levels of TNF-α and IL-
1β in a well-established model of ALF. The major finding is the demonstration of 
the role of UⅡ in initiating the proinflammatory cascade in ALF.
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Abstract
AIM: To investigate the biological role of miR-1290 in 
esophageal squamous cell carcinoma (ESCC) progression 
and invasion and the underlying mechanism.

METHODS: Quantitative real-time polymerase chain 
reaction (qRT-PCR) was performed to evaluate miR-1290 
expression in ESCC tissue samples. The roles of miR-1290 
in cell proliferation, migration and invasion were identified 
using miR-1290 mimic-transfected cells. In addition, the 
regulatory effect of miR-1290 on suppressor of cancer cell 
invasion (SCAI) was evaluated using qRT-PCR, Western 
blot analysis and a dual luciferase reporter assay.

RESULTS: miR-1290 was significantly upregulated in 
ESCC tissue samples compared with normal adjacent 
tissues (9.213 ± 1.150 vs  1.000 ± 0.0), (P  < 0.01). 
Upregulation of miR-1290 was associated with tumor 
differentiation (P  = 0.021), N classification (P = 0.006) 
and tumor-node-metastasis stage (P  = 0.021) in ESCC 
patients. Moreover, ectopic miR-1290 expression potently 
promoted ESCC cell growth (P  < 0.01), migration (P  < 
0.01) and invasion (P  < 0.01) in vitro . miR-1290 over-
expression in ESCC cell lines decreased SCAI expression 
at the translational level and reduced SCAI-driven 
luciferase-reporter activity (P  < 0.01).

CONCLUSION: Our findings suggested that miR-1290 
may play an oncogenic role in cellular processes of 
ESCC.

Key words: MicroRNA; MiR-1290; Esophageal squamous 
cell carcinoma; Suppressor of cancer cell invasion; 
Invasion; Metastasis
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Core tip: In this study, we reported the clinical significance 
and biological effects of miR-1290 in esophageal squamous 
cell carcinoma (ESCC). We found that miR-1290 was 
significantly up-regulated in ESCC tissues. Moreover, we 
showed that ectopic expression of miR-1290 significantly 
promoted ESCC cell growth, migration and invasion. 
Further investigation revealed that suppressor of cancer 
cell invasion was a downstream target of miR-1290.

Li M, He XY, Zhang ZM, Li S, Ren LH, Cao RS, Feng YD, Ji 
YL, Zhao Y, Shi RH. MicroRNA-1290 promotes esophageal 
squamous cell carcinoma cell proliferation and metastasis. 
World J Gastroenterol 2015; 21(11): 3245-3255  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v21/i11/3245.htm  
DOI: http://dx.doi.org/10.3748/wjg.v21.i11.3245

INTRODUCTION
Esophageal cancer accounts for 2% of all human 
malignant tumors and is the sixth leading cause of 
cancer death. Esophageal cancer morbidity evidently 
varies with geographic location; for example, this 
cancer type is common in China, Japan and Africa 
in both males and females[1]. In China, esophageal 
squamous cell carcinoma (ESCC) is currently the 
major histologic subtype of esophageal cancer. Despite 
advances in therapeutic methods, ESCC remains one 
of the most common malignancies in China with an 
overall five-year survival rate of 20% after surgery[2].

Tumor proliferation and metastasis are main factors 
responsible for ESCC mortality. However, the molecular 
mechanism of proliferation and metastasis remains 
unclear[3]. Studies have shown that microRNAs (miRNAs) 
play a considerable role in tumor dissemination[4,5]. 
miRNAs are a group of endogenous small non-coding 
RNAs of approximately 22 nucleotides that inversely 
regulate gene expression by imprecisely binding to 
a complementary sequence in the 3′-untranslated 
region (UTR) of their target mRNAs[6]. miRNAs play an 
important role in gene regulation, cell differentiation, 
proliferation, apoptosis and tumor genesis[7]. These 
miRNAs function as either oncogenes or tumor 
suppressors[8,9]. A study has shown that patients in the 
same pathological stage of esophageal cancer receiving 
identical surgical therapy by the same surgeon but 
with differences in miRNA expression may have distinct 
prognoses[10].

Previous study have shown that miR-1290 is 
upregulated in colon cancer cells and osteosarcoma 
cells[11,12]. These studies have also demonstrated that 
miR-1290 functions as an oncogenic miRNA. However, 
the association between miR-1290 and ESCC has 
not been evaluated yet, and the biological value of 
miR-1290 in ESCC remains poorly understood.

Suppressor of cancer cell invasion (SCAI) is a tumor-
suppressor gene that is downregulated in several 
human tumors. Decreased SCAI levels are tightly 
correlated with increased invasive cell migration[13]. 
Nevertheless, whether miR-1290 can regulate SCAI 
expression in human ESCC cells remains unknown.

In the present study, we investigated the relative 
miR-1290 expression level between tumor and normal 
tissues; we further studied the possible mechanism of 
miR-1290 in ESCC metastasis. The results showed that 
the expression level of miR-1290 in ESCC tissues was 
higher than that in normal adjacent tissues. Moreover, 
miR-1290 overexpression promoted colony formation, 
proliferation, migration and invasion; miR-1290 
overexpression also reduced SCAI mRNA and protein 
levels in Eca109 and TE13 human ESCC cells in vitro. 
Understanding the molecular mechanisms of miR-1290 
in the initiation and progression of human ESCC could 
provide the basis for developing a treatment strategy 
for ESCC.

MATERIALS AND METHODS
Patient samples and RNA extraction
A total of 24 matched human ESCC tumor tissues and 
normal adjacent tissues (NAT) were collected directly 
after surgical resection was performed at the First 
Affiliated Hospital, Nanjing Medical University (China). 
All of the tissue samples from patients with no prior 
neoadjuvant treatment were immediately frozen in 
liquid nitrogen and stored at -80 ℃ until miRNA was 
extracted. Clinicopathological information for all of 
the samples was available. ESCC tumors were graded 
according to the 2010 WHO classification of the 
tumors of digestive system[14]. Our research protocol 
was approved by the Ethics Review Committee of the 
Institutional Review Board of the hospital. Standard 
written consent was obtained from each patient. Total 
RNA was extracted from tissue samples and cell lines 
using TRIzol reagent (Invitrogen, Carlsbad, CA, United 
States) according to the manufacturer’s protocol.

Cell lines and oligonucleotide transfection
Human ESCC cell lines Eca109 and TE13 were pur-
chased from the Shanghai Institute of Biochemistry 
and Cell Biology (Shanghai, China). All of the cell lines 
were maintained in Roswell Park Memorial Institute 
(RPMI)-1640 medium (Invitrogen) with 10% fetal 
bovine serum (FBS; Gibco, Gaithersburg, MD, United 
States) supplemented with 100 U/mL penicillin and 100 
μg/mL streptomycin (Invitrogen) at 37 ℃ in a humidified 
chamber with 5% CO2. Hsa-miR-1290 mimic (sense 
5′-UGGAUUUUUGGAUCAGGGA-3′, antiDallasense 
5′-CCUGAUCCAAAAAUCCAUU-3′), negative control 
oligonucleotide (sense 5′-UUCUCCGAACGUGUCACGUTT-3′, 
antisense 5′-ACGUGACACGUUCGGAGAATT-3′), has-miR-1290 
inhibitor (sequence 5′-UCCCUGAUCCAAAAAUCCA-3′) 
and miRNA inhibitor negative control (sequence 5′
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-CAGUACUUUUGUGUAGUACAA-3′) were synthesized 
by Genepharma (Shanghai, China). Ectopic miR-1290 
expression in the cells was achieved by performing 
transfection with has-miR-1290 mimic using Lipo-
fectamine 2000 reagent (Invitrogen) according to the 
manufacturer’s instructions.

Quantitative real-time PCR
For quantitative real-time PCR (qRT-PCR), 2 μg 
of total RNA was reverse transcribed with Bulge-
LoopTM miRNA-specific reverse transcription primers 
(RiboBio, Guangzhou, China). Quantitative PCR 
was performed with SYBR Premix Ex Taq (Takara, 
Dalian, China) reagents and Bulge-LoopTM primers 
(RiboBio, Guangzhou, China) in an ABI PRISM 7900 
system (Applied Biosystems, Carlsbad, CA, United 
States) with small nuclear RNA U6 as a normalization 
control. The mRNA levels of SCAI were determined 
by qRT-PCR using SYBR Premix Ex Taq (Takara, 
Dalian, China) in an ABI PRISM 7900 Sequence 
Detection System and normalized to GAPDH 
levels. The SCAI primers used were: forward, 5′
-AAGCAGTGGCAGTCCTATTTTG-3′ and reverse, 5′
-GCTTCAAGCCATACCGATTATCC-3′. GAPDH primers 
were: forward, 5′-CGGAGTCAACGGATTTGGTCGTAT-3′ 
and reverse, 5′-AGCCTTCTCCATGGTGGTGAAGAC-3′ 
(HuaGene, Shanghai, China). All of the samples were 
normalized to internal controls, and fold changes 
were calculated using 2-∆∆Ct.

Cell proliferation and apoptosis assays
For cell proliferation assays, cells were seeded in 96-well 
plates with 3000 cells for Eca109 and 2000 cells for 
TE13 per well on 0 d (24 h after has-miR-1290 mimic 
or has-miR-1290 inhibitor was transfected and negative 
control was administered). On 1, 2, 3, 4 and 5 d, cell 
viability was determined using cell counting kit-8 (CCK-8, 
Beyotime, Haimen, China). In brief, 10 μL of CCK8 
solution was added to each well of the 96-well plate, 
and the plate was incubated for 2 h in an incubator. 
After the incubation was performed, the plates were 
washed with phosphate-buffered saline (PBS). The 
absorbance of each well was read at a wavelength 
of 450 nm and a proliferation curve on the basis of 
absorbance and time was constructed. To perform flow 
cytometry analysis (FCM) of cell apoptosis, an Annexin 
V-FITC/PI apoptosis detection kit (KeyGEN, Nanjing, 
China) was used. At 48 h after transfection, cells were 
harvested and washed with PBS twice, incubated with 
Annexin V-FITC and propidium iodide for 15 min in a 
dark room and analyzed by flow cytometry according to 
the manufacturer’s instructions.

Colony formation assay
After transfection was performed, 300 cells were 
seeded in each well of a six-well culture plate and 
incubated for 14 d. Fresh culture medium was replaced 
at an interval of 3 d. The cells were fixed with 75% 

ethanol and stained with 0.5% crystal violet, and the 
number of colonies containing > 50 cells was counted.

Migration and invasion assays
To perform transwell migration or invasion assays, 
we placed Eca109 or TE13 cells (1 × 105 cells/well) 
transfected with has-miR-1290 mimic, has-miR-1290 
inhibitor or negative control in 0.2 mL of RPMI-1640 
without FBS in the upper chamber of each insert (8 
μm pore size, BD Biosciences, United States) with or 
without 60 μL of 1 mg/mL Matrigel (BD, Biosciences, 
Bedford, MD, United States). The lower chamber was 
filled with 600 μL of RPMI1640 medium containing 
10% FBS as a nutritional attractant. After 28 h, the 
cells on the top surface of the membrane were carefully 
removed using a cotton swab. Migrant cells attached to 
the lower surface were fixed with 75% methanol and 
stained with crystal violet for 30 min. The number of 
cells was counted in five different fields of view using an 
inverted microscope (magnification × 100).

miRNA target prediction
The putative targets of miRNA were predicted using 
TargetScan (www.targetscan.org) and miRanda (www.
microRNA.org).

Dual luciferase reporter assays
The 3′-UTR of SCAI containing the predicted miR-1290 
binding seed sequence was synthesized and directly 
cloned downstream of the firefly luciferase gene at 
XbaI sites to create a pGL3-SCAI-3′UTR-wt plasmid 
(5′-ACCCUGAGAAGAGUAAAUCAUUUAUUUUUGUAUA-
AUGAGGUAAAUCCAACUCUUAUACUUGGACCUAAGU-
UAAAUGUCUGGAUUUGGA-3′; Invitrogen, Shanghai, 
China). The corresponding mutant reporter 
plasmid (pGL3-SCAI-3′UTR-mut; 5′-ACCCUGAGAA-
GAGUAAAUCAUUUAUUUUUGUAUAAUGAGGUUA
GUCUAACUCUUAUACUUGGACCUAAGUUAAAUGUCU-
GGAUUUGGA-3′) was then synthesized. The pGL3-
SCAI-3′UTR-wt/-mut reporter plasmid (800 ng) and 
phRL-TK vector (800 ng) expressing Renilla luciferase 
(Invitrogen) were co-transfected in Eca109 and TE13 
cells with 80 ng has-miR-1290 mimic and negative 
control using Lipofectamine 2000 reagent (Invitrogen). 
After 48 h, cells were harvested and lysed with 
passive lysis buffer (Promega). Luciferase activity 
was determined using a dual-luciferase reporter 
assay system (Promega, Madison, WI, United States) 
according to the manufacturer’s protocol. Renilla 
luciferase activities were used for normalization.

Western blot analysis
Western blot analysis was performed to detect the 
protein expression of SCAI in ESCC tissues and cell 
lines. The cells were lysed 48 h post-transfection with 
RIPA lysis buffer (Beyotime, Jiangsu, China) containing 
protease inhibitor; the proteins were then harvested. 
Total protein content was quantified by BCA assay 
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Table 1  Association of miR-1290 upregulation with 
clinicopathological characteristics of 24 patients with 
esophageal squamous cell carcinoma

(Beyotime). Equal amounts of protein extracts (30 
to 40 ng) were separated using 8% gradient sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred onto polyvinylidene 
difluoride (PVDF) membranes (Millipore, Billerica, MA, 
United States). Afterwards, blots were blocked with 
5% fat-free milk powder for 1 h. The membranes were 
incubated overnight at 4 ℃ in a 1:500 dilution of anti-
human SCAI rabbit monoclonal antibody (Abcam, 
Cambridge, MA, United States). The blots were 
subsequently incubated with a horseradish peroxidase-
conjugated secondary antibody (1:5000) and visua-
lized using a super enhanced chemiluminescence 
detection reagent (Amersham Biosciences, Piscataway, 
NJ). Protein expression was assessed using Alpha 
Innotech imaging software (San Leandro, CA). GAPDH 
was used as an endogenous protein for normalization.

Statistical analysis
Data are presented as mean ± standard deviation 
(SD) from at least three independent experiments. 
Statistical analyses were performed with SPSS 18.0 
software (SPSS Inc., Chicago, IL, United States). The 
difference between groups was analyzed using a two-
tailed Student’s t-test to compare two independent 
groups only and ANOVA followed by Student-Newman-
Keuls q test to compare two groups among three 
groups. The relationship between miR-1290 and SCAI 
expression was explored by Spearman’s correlation 
analysis. Significant associations between miR-1290 
changes and clinicopathological parameters were 
assessed using a χ 2 test. Two-sided P-values < 0.05 
were considered statistically significant.

RESULTS
Relative miR-1290 expression level is specifically 
upregulated and correlated with lymph node metastasis 
and tumor-node-metastasis stage in patients with ESCC
Relative miR-1290 expression was detected by qRT-
PCR between paired tumor tissues and normal 
adjacent tissues from 24 patients with ESCC. Our 
results demonstrated that the relative fold increases 
in miR-1290 expression were markedly upregulated 
in ESCC samples compared with the paired tumor-
adjacent tissues (9.213 ± 1.150 vs 1.000 ± 0.0), (P 
< 0.01; Figure 1A). To evaluate the clinical value of 
miR-1290 in ESCC patients, we divided the patients 
into two groups according to the median value 
(6.6181) of miR-1290 level. The association between 
relative miR-1290 expression and clinicopathological 
information was then analyzed. A significant difference 
was observed between the two groups in terms 
of differentiation (P = 0.021), N classification (P = 
0.006) and tumor-node-metastasis stage (P = 0.021) 
(Figure 1B, Table 1). No significant association was 
found between miR-1290 expression and other clinical 
characteristics, such as age, gender and T classification 
(Table 1). Hence, upregulated miR-1290 expression 
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Figure 1  miR-1290 expression is upregulated in clinical specimens. A: qRT-PCR analysis showed that miR-1290 expression was upregulated in ESCC tissues 
compared with paired normal adjacent tissues; B: miR-1290 expression was significantly higher in ESCC patients with lymph node metastasis compared with 
patients without lymph metastasis bP < 0.01 between groups. Small nuclear RNA U6 was used as a normalization control. NAT: Normal adjacent tissues; qRT-PCR: 
Quantitative real-time polymerase chain reaction; ESCC: Esophageal squamous cell carcinoma.

Characteristic Total (n  = 24) miR-1290 expression P  value

High Low
Age (yr)
   < 60 12 5   7 0.682
   ≥ 60 12 6   6
Gender
   Female 10 5   5 0.729
   Male 14 6   8
Differentiation
   High 13 3 10 0.021
   Middle + low 11 8   3
T classification
   T1 + T2 10 3   7 0.240
   T3 + T4 14 8   6
N classification
   N0 13 3 10 0.006
   N1-N3 11 8   3
TNM Stage
   Ⅰ + Ⅱ 15 4 11 0.021
   Ⅲ   9 7   2

TNM: Tumor-node-metastasis.
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was closely related to ESCC metastasis.

mRNA and protein expression of SCAI is downregulated 
in ESCC tissues
The mRNA and protein expression of SCAI in ESCC 
tissues was analyzed by qRT-PCR and Western blot 
analysis between paired tumor tissues and normal 
adjacent tissues from six patients with ESCC. These 
results showed that the relative mRNA and protein 
expression of SCAI was downregulated in ESCC tissues 
(P < 0.01; Figure 2A, B), which is in accordance with 
the results from a previous study[15].

miR-1290 promotes proliferation in ESCC cell lines
The significantly increased expression of miR-1290 in 
ESCC tissues prompted us to investigate the possible 
biological function of miR-1290 in tumorigenesis. 
qRT-PCR analysis results showed that miR-1290 
expression increased by more than 100-fold in Eca109 
and TE13 cells transfected with has-miR-1290 mimic 
compared with the control cells (P < 0.01; Figure 
3A). A CCK8 staining assay revealed that miR-1290 
promoted significant proliferation in Eca109 and 
TE13 cell lines transfected with has-miR-1290 mimic 
compared with the control cells (P < 0.01; Figure 
3B). We also evaluated the ability of Eca109 and 

TE13 cell lines transfected with has-miR-1290 mimic 
to form colonies. Our data indicated that miR-1290 
significantly stimulated Eca109 and TE13 cells to grow 
numerous and large colonies on soft agar (P < 0.01; 
Figure 3C). miR-1290 overexpression in Eca109 cells 
and miR-1290 under-expression in TE13 cells did not 
significantly change the apoptotic ability of cells (Figure 
3D). The results revealed that miR-1290 enhanced the 
proliferation ability of ESCC cells.

miR-1290 overexpression promotes the migration and 
invasion of ESCC cell lines
To understand the biological effects of miR-1290 
overexpression on the migration and invasion of ESCC 
cell lines in vitro, we performed transwell assays by 
transfecting Eca109 and TE13 cell lines with has-
miR-1290 mimic or inhibitor. Matrigel-coated (for 
invasion) or uncoated (for migration) Transwell assays 
revealed that miR-1290 overexpression markedly 
promoted the invasion and migration of Eca109 
and TE13 cells (P < 0.01; Figures 4A, C). The effect 
of miR-1290 under-expression was examined. As 
expected, miR-1290 under-expression remarkably 
decreased the invasion capabilities of Eca109 and TE13 
cells (P < 0.01; Figure 4B, D). These observations 
suggested that miR-1290 significantly promoted the in 
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Figure 2  mRNA and protein expression of suppressor of cancer cell invasion is downregulated in clinical esophageal squamous cell carcinoma 
specimens. A: Quantitative real-time PCR analysis showed that the relative mRNA expression of SCAI was downregulated in ESCC tissues compared with that in 
paired adjacent normal tissues, n = 6; B: Protein expression level of SCAI was significantly decreased in ESCC compared with that in paired adjacent normal tissues, 
n = 6. bP < 0.01 vs control. NAT: Normal adjacent tissues; SCAI: Suppressor of cancer cell invasion; PCR: Polymerase chain reaction; ESCC: Esophageal squamous 
cell carcinoma.
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vitro migration and invasion of ESCC cell lines.

miR-1290 negatively regulates mRNA and protein 
expression of SCAI in vitro
To further observe the correlation of miR-1290, 
SCAI mRNA and protein expression in Eca109 and 
TE13 cell lines, we performed qRT-PCR and Western 
blot analyses. qRT-PCR analysis results indicated a 
decrease in the mRNA expression of SCAI in miR-
1290-overexpressing cells, whereas miR-1290- under-
expressing cells had increased mRNA levels of SCAI 
(P < 0.01; Figure 5A). Similar changes were found in 
SCAI protein levels from Western blot assays (P < 0.01; 
Figure 5B). These findings confirmed that miR-1290 
overexpression downregulated the mRNA and protein 
expression of SCAI in Eca109 and TE13 cell lines.

miR-1290 directly binds to the 3′-UTR of SCAI
The putative miR-1290 target genes were predicted 
using the target prediction programs TargetScan and 
miRDB. SCAI was identified as a candidate miR-1290 
target gene and sequence analysis results indicated 
that miR-1290 target sequence at 330 nt to 336 nt of 
the SCAI 3′-UTR was highly conserved across different 
species (Figure 6A). The relationship between the 
SCAI mRNA level and miR-1290 in 24 ESCC tissues 
was tested using qRT-PCR, and data showed an clearly 
negative relationship between expression SCAI and 
miR-1290 (r = -0.842, P = 0.000, Figure 6B). To 
validate whether SCAI is a valid target of miR-1290, we 
inserted wild-type or mutant SCAI 3′-UTR sequence in 
the downstream region of the luciferase reporter gene 
and co-expressed these sequences with either has-
miR-1290 mimic or has-miR-1290 nc in Eca109 cells. 
miR-1290 overexpression caused an unambiguous 
decrease in relative luciferase activity (P < 0.01; 
Figure 5C); in contrast, activity did not decrease in the 
mutant 3′-UTR reporter, indicating that functionality 
depends on an intact seed sequence. Therefore, SCAI 

can be directly suppressed by miR-1290 via mRNA 
degradation and translation repression.

DISCUSSION
Evidence has shown anomalous miRNA expression 
in various types of human tumors[16,17]. Thus, studies 
have focused on tumor-associated miRNAs and specific 
target genes to elucidate biological mechanism. The 
identification of cancer-specific miRNAs and their target 
genes is necessary for understanding their role in 
tumor metastasis, which may be a requisite to define 
new therapeutic targets. miR-1290 is upregulated in 
several cancer forms[11,18]. Therefore, whether miR-1290 
is upregulated in ESCC and whether miR-1290 can 
promote ESCC cell metastasis are postulated.

In the present study, miR-1290 expression in 24 
pairs of human ESCC tumor tissues and normal adjacent 
tissues was determined by qRT-PCR. The miR-1290 
expression was upregulated in ESCC. The upregulated 
miR-1290 in human ESCC may promote the tumor 
initiation and progression; this result indicates that 
miR-1290 may play an oncogenic role[11]. Before this 
study was conducted, however, the role of miR-1290 
and its target genes was unclear in ESCC. Therefore, this 
study focused on the biological mechanisms of miR-1290 
in human ESCC.

To characterize the functions of miR-1290 in human 
ESCC, we examined the changes in Eca109 and TE13 
cell lines after miR-1290 was overexpressed and 
under-expressed. A CCK8 assay was performed to 
analyze the cell viability in Eca109 and TE13 cell lines; 
our results showed that miR-1290 enhanced cell viability. 
In the colony formation assay, however, miR-1290 
promoted colony formation activities of Eca109 and TE13 
cell lines. These findings showed that ectopic miR-1290 
expression affected cell viability over a short time period 
and enhanced ESCC cell proliferation. Transwell assays 
with or without Matrigel were conducted to determine 

3252 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

Invasion

miR-1290 mimic miR-1290 nc

Eca 109
TE 13

Invasion

miR-1290 inhi miR-1290 inc

Eca 109
TE 13

Figure 4  MiR-1290 enhances the migration and invasion of Eca109 and TE13 cells. Transwell migration assays were carried out in Eca109 and TE13 cells 
transfected with either miR-1290 mimic (A) or miR-1290 inhibitor (B). Representative fields of migrating cells on the membrane are presented. The histogram shows 
the number of migrating cells from three independent experiments. Overexpression (C) and under-expression of miR-1290 in Eca109 and TE13 cells (D) showed 
similar results in both invasion and migration assays. bP < 0.01 vs control. nc: Negative control; inhi: Inhibitor; inc: Inhibitor negative control.

Li M et al . Role of miR-1290 in ESCC



the functions of miR-1290 in the migration and invasion 
of Eca109 and TE13 cells. Our results demonstrated 
that miR-1290 overexpression significantly accelerated 
the migration and invasion of Eca109 and TE13 cells 
compared with the control group. Conversely, the 
migratory and invasive abilities were markedly decreased 
in Eca109 and TE13 cells transfected with has-miR-1290 
inhibitor. In summary, miR-1290 promoted ESCC colony 
formation, migration and invasion in Eca109 and TE13 
cell lines.

In this research, the role of miR-1290 in targeting 
SCAI in human Eca109 and TE13 cell lines was con-
sidered. Using bioinformatics technology, we confirmed 
SCAI as one of the target genes of miR-1290. SCAI 
functions in the RhoA-Dia1 signal transduction pathway 
and localizes in the nucleus, where it binds and inhibits 

myocardin-related transcription factor MAL by forming 
a ternary complex with the serum response factor 
(SRF)[13]. In a previous study[15], it was found that 
protein and mRNA expression of SCAI was significantly 
downregulated in glioma tissues and cell lines. SCAI 
silencing robustly promoted invasive and cancer stem 
cell-like phenotypes of glioma cells. Furthermore, SCAI 
downregulation activated Wnt/beta-catenin signaling 
and Wnt/beta-catenin pathway inhibition abrogated 
the effects of SCAI downregulation on glioma cell 
aggressiveness. SCAI acts as a transcriptional modulator 
to regulate cancer cell motility by suppressing MAL/
SRF-dependent gene transcription[19]. These studies 
have suggested that SCAI may be involved in cancer 
development. Thus, a lower SCAI expression level was 
observed in ESCC than in adjacent normal tissues; 
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cells transfected with miR-1290 mimic decreased evidently compared with that in cells transfected with miR-1290 nc. Conversely, the mRNA expression of SCAI in 
TE13 cells transfected with miR-1290 inhibitor increased evidently compared with that in cells transfected with miR-1290 inc; B: Protein expression of SCAI exhibited 
a similar pattern in Eca109 cells transfected with miR-1290 mimic and miR-1290 nc or in TE13 cells transfected with miR-1290 inhibitor and miR-1290 inc. bP < 0.01 
vs control. nc: Negative control; inhi: Inhibitor; inc: Inhibitor negative control; SCAI: Suppressor of cancer cell invasion.

Li M et al . Role of miR-1290 in ESCC

B



miR-1290 expression was inversely correlated with 
SCAI expression in tumor tissues. Furthermore, the 
relative fluorescence intensity of pGL3-SCAI-3′UTR-wt 
was specifically responsive to miR-1290 overexpression. 
A mutation in the miR-1290 binding site abolished the 
effect of miR-1290 on the regulation of fluorescence 
intensity. An increase in mRNA and protein levels of SCAI 
was found in Eca109 and TE13 cells transfected with a 
miR-1290 inhibitor. These results suggested that SCAI is 
a target of miR-1290 and is negatively regulated. SCAI 
may also exhibit anti-proliferative and anti-malignant 
transformation effects in Eca109 and TE13 cell lines.

In summary, miR-1290 expression was upregulated 
in ESCC tissues; miR-1290 elicited oncogenic effects, 
including the promotion of ESCC cell proliferation, 
migration and invasion, by targeting the anti-oncogene 
SCAI, highlighting the function of miR-1290 in tumor 
progression.

COMMENTS
Background
Esophageal cancer is the sixth leading cause of cancer-related deaths in China. 
Although recent developments in therapeutic strategies have helped cure many 
patients with early stage disease, the prognosis of patients with advanced 

disease and metastasis remains poor.
Research frontiers
miRNAs have been found to be involved in the regulation of multiple 
pathological processes that contribute to tumorigenesis and metastasis, 
such as tumor cell proliferation, differentiation, apoptosis, and invasion. In 
esophageal squamous cell carcinoma (ESCC), studies have indicated that 
miRNAs play important roles in regulating tumor invasion and metastasis. 
Previously, Zhang et al reported that miR-100 promoted migration and invasion 
through mammalian target of rapamycin in ESCC. However, the role of 
miR-1290 in ESCC progression and metastasis remains unclear and needs 
further exploration.
Innovations and breakthroughs
The authors found that the level of miR-1290 was significantly up-regulated 
in ESCC tissues compared with normal adjacent tissues. Ectopic expression 
of miR-1290 markedly promoted the proliferation, invasion and metastasis in 
ESCC cell lines. Further analysis indicated that the suppressor of cancer cell 
invasion (SCAI) was a direct downstream target of miR-1290. Collectively, these 
results demonstrated that miR-1290 promoted cell invasion and metastasis by 
targeting SCAI, thus providing a valuable target for cancer therapy.
Applications
The findings in this study indicated that miR-1290 was significantly up-regulated 
in ESCC with distant metastases. Further investigation identified that the SCAI 
was a direct target of miR-1290. Taken together, these data implicate that 
miR-1290 might be used a prognostic indicator and therapeutic target in ESCC 
patients.
Terminology
MicroRNAs: A group of small non-coding RNA molecules (approximately 22 
nucleotides in length) found in plants, animals, and some viruses that function 
in transcriptional and post-transcriptional regulation of gene expression.
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Figure 6  suppressor of cancer cell invasion is a direct target of miR-1290. A: Putative miR-1290 binding sequence in the 3′-UTR of the mRNA of SCAI is shown; B: 
Inverse correlation between miR-1290 and mRNA levels of SCAI in tissue samples was illustrated; C: Dual-luciferase reporter assay showed a significant decrease in 
the relative luciferase activity of wt-SCAI (wild-type SCAI 3′-UTR) co-transfected with miR-1290 mimic compared with that of mut-SCAI (mutant-type SCAI 3′-UTR; bP 
< 0.01 vs control) in Eca109 cells. SCAI: Suppressor of cancer cell invasion.
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The authors used clinical samples for expression analyses, and a number of 
experimental state-of-the-art techniques to investigate the respective questions 
in an in vitro model. The different steps of the manuscript are logical, and the 
results present some very interesting findings about the role of miR-1290 in 
esophageal squamous cell carcinoma.
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Abstract
AIM: To evaluate the prognostic value of high-mobility 
group box 1 (HMGB1) expression in intrahepatic 
cholangiocarcinoma (IHCC) and the possible underlying 
mechanism.

METHODS: Tissue microarray was constructed 
from 65 IHCC patients. Immunohistochemistry was 
performed to validate expression of HMGB1 and 
Vascular endothelial growth factor C (VEGF-C). Real-
time PCR and Western blot analyses were used to 
study transcript and protein levels. The interaction 
between HMGB1 and VEGF-C was evaluated by siRNA, 
real-time PCR, and enzyme-linked immuno assays. 
The correlation between HMGB1 expression and other 
clinicopathologic parameters was analyzed by χ 2 test, 
and the univariate as well as multivariate analyses 
were accomplished by Kaplan-Meier method and Cox-
regression model, respectively.

RESULTS: Overall, overexpression of HMGB1 was 
found in 38/65 (58.8%) IHCCs, whereas VEGF-C 
overexpression was present in 30/65 (46.2%) cases. 
Overexpression of HMGB1 was significantly correlated 
with lymphatic microvessel density (P = 0.031, r  = 
0.268) and VEGF-C expression (P = 0.041, r  = 0.254). 
With univariate analysis, both HMGB1 (P = 0.001) and 
VEGF-C (P  = 0.004) were identified to be significantly 
associated with overall survival rate. Multivariate 
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analysis indicated that HMGB1 could be served as an 
unfavorable independent prognostic factor in IHCCs 
(P  = 0.005). siRNA knockdown of HMGB1 inhibited 
transforming growth factor-β-induced epithelial-
mesenchymal transition (EMT) by elevating E-Cadherin 
expression and reducing expression of N-Cadherin, 
Vimentin and Snail in RBE cells. Further in vitro  study 
revealed that HMGB1 silencing significantly decreased 
the level of VEGF-C, whereas the recombinant HMGB1 
increased the VEGF-C level in RBE cells (both P  < 0.05), 
which suggested that HMGB1 could promote lymphatic 
microvessel density, and subsequently lymphatic 
invasion, via  promoting VEGF-C expression.

CONCLUSION: Our results define an important role of 
HMGB1 in the progression of cholangiocarcinoma, and 
HMGB1 may serve as a prognostic marker for IHCC 
patients.

Key words: Epithelial-mesenchymal transition; High-
mobility group box 1; Intrahepatic cholangiocarcinoma; 
Lymphatic microvessel density; Vascular endothelial 
growth factor C

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Cholangiocarcinoma is a lethal malignancy of 
the biliary tract, for which novel biomarkers are urgently 
needed for its management and treatment. This 
study shows that high-mobility group box 1 (HMGB1) 
is an independent prognostic factor in intrahepatic 
cholangiocarcinoma that positively correlates with 
lymphatic microvessel density and vascular endothelial 
growth factor C expression. Furthermore, HMGB1 
enhances the secretion of vascular endothelial growth 
factor C and promotes epithelial-mesenchymal transition 
of RBE cells. Together, these results define an important 
role of HMGB1 in the progression of cholangiocarcinoma, 
which may serve as a prognostic marker for intrahepatic 
cholangiocarcinoma patients.

Xu YF, Ge FJ, Han B, Yang XQ, Su H, Zhao AC, Zhao MH, 
Yang YB, Yang J. High-mobility group box 1 expression and 
lymph node metastasis in intrahepatic cholangiocarcinoma. 
World J Gastroenterol 2015; 21(11): 3256-3265  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v21/i11/3256.htm  
DOI: http://dx.doi.org/10.3748/wjg.v21.i11.3256

INTRODUCTION
Cholangiocarcinoma (CCA) is the second most common 
cancer after hepatocellular carcinoma, and accounts 
for approximately 7%-10% of all primary hepatic 
cancers[1]. CCA is characterized by poor responsiveness 
to chemotherapy and radiotherapy in the majority of 
cases[2]. So far, surgical resection is the only potentially 
curative option. The morbidity and mortality of CCA, 

especially intrahepatic cholangiocarcinoma (IHCC), 
have been increasing worldwide in recent years[3]. 
IHCC is characterized by silent clinical signatures, early 
regional invasiveness, distant metastasis, and a poor 
prognosis[4]. Therefore, new insights into the biologic 
process of IHCCs and identification of novel biomarkers 
are urgently needed for cancer management and 
treatment.

High-mobility group box 1 (HMGB1) is a proinfla-
mmatory cytokine and chromatin-binding molecule[5], 
and is involved in a variety of biologic processes, inclu-
ding transcription, DNA repair, differentiation, and 
extracellular signal transduction[6]. Emerging data have 
suggested that HMGB1 could promote tumor progression 
via promoting proliferation and invasiveness of cancer 
cells[7]. Clinically, overexpression of HMGB1 has been 
reported in multiple malignancies including melanoma[8], 
gastric cancer[9], colorectal cancer[10], prostate cancer[11], 
and nasopharyngeal carcinoma[12]. However, to the 
best our knowledge, there has been no study so far to 
investigate the role of HMGB in IHCC.

Vascular endothelial growth factor C (VEGF-C) is 
a key mediator of lymphangiogenesis, acting via its 
receptors VEGF-R2 and VEGF-R3. Multiple studies have 
suggested that increased levels of VEGF-C correlate 
with lymphangiogenesis and distant metastasis[13]. 
Interestingly, Moriwaka et al[14] demonstrated a 
link between HMGB1 expression and lymph vessel 
density as well as VEGF-C expression in colon cancer. 
Additionally, HMGB1 has been suggested to promote 
lymphangiogenesis and invasive capacity of tumor cells 
through a VEGF-C-related pathway in oral squamous 
cell carcinoma[15].

Epithelial-mesenchymal transition (EMT), an 
early embryonic development program in which cells 
convert from the epithelial to the mesenchymal state, 
has been shown to play a critical role during cancer 
progression and metastasis[16]. During this process, the 
epithelial cancer cells lose epithelial characteristics and 
acquire mesenchymal properties resulting in reduction 
of adhesions and improvement of motility, thus pro-
moting invasion and metastasis[17]. HMGB1 has been 
reported as a key regulator in the EMT process in 
mesothelial cells[18]. However, the link between HMGB1 
and the EMT process remains unclear in the context of 
IHCC progression.

In this study, for the first time, we evaluated the 
expression and prognostic significance of HMGB1 in 
IHCCs. The roles of HMGB1 in EMT processes of IHCC, 
as well as the relationship between HMGB1 expression 
and VEGF-C were also investigated.

MATERIALS AND METHODS
Patients and follow-up
Our study consisted of specimens from 65 IHCC patients 
(32 male; 33 female) who underwent surgical resections 
between 2005 and 2011 at the Qilu Hospital of Shandong 
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University (Jinan, China). Detailed clinicopathologic 
profiles were obtained from medical records. The 
specimens were reviewed by two pathologists (Han B 
and Yang XQ). Tumor staging and histologic classification 
were assessed according to the 7th edition of American 
Joint Committee on Cancer/Union for International 
Cancer Control (AJCC/UICC) classification. The mean 
age of the patients was 56.9 ± 10.9 years (range, 28-83 
years). Follow-up data were available for 57 patients, 
ranging from 3 to 96 mo (mean: 27.6 ± 27.3 mo). This 
study was approved by the Institutional Review Board 
at the School of Medicine of Shandong University and 
written consent was obtained from all patients.

Tissue microarray construction and 
immunohistochemistry (IHC)
The tissue microarray was constructed as previously 
described[19]. Two cores (1.0 mm in diameter) were 
taken from the representative areas of each tumor 
block and re-embedded into the recipient block. IHC 
was performed as previously described[20]. Briefly, 4 μm 
sections were deparaffinized and rehydrated. Sections 
were submerged into antigenic retrieval buffer (pH 6.0 
citric acid) for heat-mediated retrieval by microwave 
for 15 min. The slides were incubated with primary 
antibodies for HMGB1 (GTX101277, 1:500; GeneTex 
Inc., Irvine, CA, United States) and VEGF-C (ab9546, 
1:500; Abcam, Cambridge, United Kingdom) overnight 
at 4 ℃, then visualized using 3, 3-diaminobenzidine 
tetrahydrochloride as the chromogen. Slides incubated 
without primary antibody were considered as the 
negative control. The slides were then evaluated by 
two independent observers (Han B and Yang XQ) 
who were blind to the clinicopathologic data. The 
expression of HMGB1 and VEGF-C were evaluated 
with a semiquantitative scoring system based on 
intensity and distribution of positive-stained cells[21-23]. 
Briefly, the staining intensity (range, 0-3) and the 
percentage of positive cells (0, 0%-10%; 1, 11%-25%; 
2, 26%-50%; 3, 51%-75%; 4, 76%-100%) were 
multiplied. Overexpression and non-overexpression 
were designated by a score of ≥ 8 or < 8, respectively.

Assessment of lymphatic microvessel density
The quantitative vessel counts were performed according 
to the method described by Weidner et al[24]. Lymphatic 
microvessel density (LMVD) of the tumor was deter-
mined by using the D2-40 antibody (ab77854, 1:500; 
Abcam); the methodology and validation criteria were 
in compliance with the international consensus on 
evaluation of angiogenesis quantification in solid human 
tumors[25]. Regions with the highest LMVD were initially 
selected with low magnification (× 100) scanning, and 
then five “hotspot” fields in the corresponding area were 
selected and observed at a magnification of × 200. Any 
brown-stained, separated endothelial cell cluster was 
considered a single, countable lymphatic microvessel. 
The average amounts of lymphatic microvessels in the 

three fields were recognized as the value of LMVD[26]. The 
average score of LMVD of all samples was selected as 
the cut-off. The cut-off of LMVD was 12.7 and separated 
LMVD into high and low group[27].

Cell culture and reagents
The IHCC cell line RBE and perihilar cholangiocarcinoma 
cell line QBC939 were purchased from Cell Bank of 
the Chinese Academy of Sciences (Shanghai, China), 
The IHCC cell line HUCCT-1 was obtained from RIKEN 
Bioresource Center (Japan). All lines were cultured 
in RPMI-1640 medium supplemented with 10% FBS 
(Gibco of Thermo Fisher Scientific, Waltham, MA, 
United States). Human recombinant HMGB1 (rHMBG1) 
was purchased from Sino Biological Inc., Beijing, China 
(Cat No. 10326-H08H).

siRNA-mediated HMGB1 knockdown
Small interfering RNA (siRNA) was used to knockdown 
HMGB1 expression. Three specific siRNAs were 
designed and synthesized by Songon (Shanghai, 
China). The most effective single siHMGB1 
(sense, 5’-CCUGUCCAUUGGUGAUGUUTT-3’; anti-
sense, 5’-AACAUCACCAAUGGACAGGTT-3’) was 
used for further experiments. A scrambled siRNA 
(scHMGB1) sequence was used as a control: sense, 
5’-UUCUCCCAACGUGUCACG-3’; anti-sense, 5’
-ACGUGACACGUUCGGAGAATT-3’.

Real-time PCR
Total RNA was extracted from the RBE cells and 
cDNA was synthesized by reverse transcription. 
A SYBR Green Realtime PCR Master Mix (Toyobo 
Co., Osaka, Japan) and ABI Prism 7700 Sequence 
Detection System (Applied Biosystems of Thermo 
Fisher Scientific) were used in this experiment. 
The primers of HMGB1 were as follows: sense, 5’
-TTTAGATCTATGGCAAAGGAGATCCTAAGAAG-3’; 
anti-sense, 5’-TTTGAATTCTTATTCATCATCAT-
CATCTTCTTCTTCATCT-3’. The relative HMGB1 
expression was normalized to GAPDH (sense 5’
-GAGTCAACGGATTTGGTCGT-3’; anti-sense, 5’
-TTGATTTTGGAGGGATCTC-3’). PCR assays were 
performed in triplicate, and fold induction was calculated 
using the 2-ΔCT method[4].

Western blot
Cells were lysed and protein was extracted as pre-
viously described[20]. After SDS-PAGE, proteins were 
transferred to nitrocellulose membranes (BioTrace NT 
Nitocellulose; Pall Corp., Port Washington, NY, United 
States). The membrane was incubated with primary 
antibodies overnight at 4 ℃: Anti-HMGB1 (1:500), and 
antibodies against E-cadherin, N-cadherin, vimentin, 
slug, snail, claudin-1, ZO-1 and β-catenin (1:1000, 
#9782; Cell Signaling Technology Danvers, MA, United 
States). The secondary anti-rabbit antibody (Beyotime 
Company, China) was used at a dilution of 1:10000 
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and the blot was developed with RapidStep ECL 
Reagent (Millipore Corp., Billerica, MA, United States). 
For the EMT assay, RBE cells were stimulated with 10 
ng/mL transforming growth factor (TGF)-β for 72 h, 
and the cells were lysed and protein was extracted for 
further analysis.

Enzyme-linked immuno assay detection of secreted 
VEGF-C
RBE cells cultured in 12-well plate at a density of 
2.5 × 104 cells per well were treated with scHMGB1, 
siHMGB1, or RPMI-1640 supplemented with 2 μg/mL 
rHMBG1. Cells treated with Lipofectamine 2000 alone 
served as a mock transfection group. The supernatants 
from each group were collected and centrifuged at 
1000 rpm for 3 min after 48-h transfection/incubation. 
The levels of VEGF-C were detected using the human 

VEGF-C ELISA kit (Boster Systems Inc., Pleasanton, 
CA, United States) according to the manufacturer’s 
instructions. Absorbance at a wavelength of 450 nm in 
every well was measured in spectrophotometer.

Statistical analysis
All the statistical analyses were performed by SPSS 
17.0 software (SPSS, Chicago, IL, United States). 
The associations between HMGB1 expression and 
clinicopathologic parameters were assessed by a χ 2 
test. Spearman’s Rank correlation coefficient was used 
to identify the correlation between HMGB1 and LMVD. 
Cumulative overall survival rates were calculated by 
the Kaplan-Meier method and survival curves were 
compared by a log-rank test. For multivariate analysis, 
factors from univariate analysis were selected with a P 
= 0.20 cutoff[28]. Forward stepwise multivariate analysis 
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Figure 1  Representative immunohistochemistry in intrahepatic cholangiocarcinoma. A: Negative staining for high-mobility group box 1; B: Strong staining 
for high-mobility group box 1 was mainly localized in the nucleus, and effused to cytoplasm and extra milieu in inflamed or necrotic areas; C: Negative staining for 
vascular endothelial growth factor C; D: Strong staining for vascular endothelial growth factor C in cytoplasm; E: Representative staining for D2-40 in lymphatic 
endothelial cells. A cancer embolus in lymph-vessel is shown; magnification, × 200.
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Table 1  Association of high-mobility group box 1 and vascular endothelial growth factor with clinicopathologic parameters in 
patients with intrahepatic cholangiocarcinoma  n  (%)

was used to identify independent prognostic factors. P 
< 0.05 was considered as significant.

RESULTS
Expression of HMGB1 and VEGF-C and correlations 
with clinicopathologic parameters
HMGB1 expression was mainly identified in the nucleus 
with slight penetration to cytoplasm or extracellular 
milieu, and the penetration tendency was manifest 
especially in area adjacent to necrosis. Overall, HMGB1 
was overexpressed in 38/65 (58.8%) patients with 
IHCCs. VEGF-C expression was identified in the cytoplasm 
and overexpression was found in 32/65 (49.2%) IHCC 
cases. Representative IHC images of HMGB1 and VEGF-C 
are shown in Figure 1.

The relationship between HMGB1 overexpression 

and various clinicopathologic parameters are demon-
strated in Table 1. Overall, overexpression of HMGB1 
was significantly associated with lymph node metastasis 
(P = 0.011). No significant correlation was identified 
between HMGB1 overexpression and age, gender, 
tumor size, histologic classification, or microvascular or 
perineural invasion. Similarly, VEGF-C overexpression 
correlated with histologic classification (P = 0.016) and 
lymph node metastasis (P = 0.007).

Correlations of HMGB1 with LMVD and VEGF-C
The LMVD values of the 65 specimens ranged from 4 
to 37 (mean: 12.7 ± 5.9), and tumors below or equal 
to 12.7 were classified as the low LMVD group (n = 
26) and tumors above 12.7 were classified as the high 
LMVD group (n = 39). HMGB1 overexpression in high 
and low LMVD groups was compared by a χ 2 test, and 
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Parameters HMGB1 P value VEGF-C P  value

Low High Low High
Age (yr)
   < 60    18 (42.9)    24 (57.1)    25 (59.5)    17 (40.5)
   ≥ 60      9 (39.1)    14 (60.9) 0.771    10 (43.5)    13 (56.5) 0.056
Gender
   Male    15 (46.9)    17 (63.6)    15 (46.9)    17 (53.1)
   Female    12 (36.4)    21 (63.6) 0.390    18 (54.5)    15 (45.5) 0.536
Tumor size (cm)
   < 5      8 (36.4)    14 (63.6)    10 (45.5)    12 (54.5)
   ≥ 5    19 (44.2)    24 (55.8) 0.545    23 (53.5)    20 (46.5) 0.540
Histologic classification
   Well      8 (47.1)      9 (52.9)    12 (70.6)      5 (29.4)
   Moderate    10 (32.3)    21 (67.7)    10 (32.3)    21 (67.7)
   Poor      9 (52.9)      8 (47.1) 0.329    12 (70.6)      5 (29.4) 0.016
Tumor stage
   Ⅰ + Ⅱ    21 (41.2)  30 (8.8)    25 (49.0)    26 (51.0)
   Ⅲ + Ⅳ      6 (42.9)      8 (57.1) 0.910      8 (57.1) 6 (42.9) 0.590
Node stage
   Negative 25 (50) 25 (50)    30 (60.0)    20 (40.0)
   Positive      2 (13.3)    13 (86.7) 0.011      3 (20.0)    12 (80.0) 0.007
UICC stage
   Ⅰ + Ⅱ    18 (48.6)    19 (51.4)    21 (56.8)    16 (43.2)
   Ⅲ + Ⅳ      9 (32.1)    19 (67.9) 0.181    12 (42.9)    16 (57.1) 0.267
Microvascular invasion
   Negative    20 (39.2)    31 (60.8)    26 (51.0)    25 (49.0)
   Positive      7 (50.0)      7 (50.0) 0.458      7 (50.0)      7 (50.0) 0.948
Perineural invasion
   Negative    22 (38.6)    35 (61.4)    30 (52.6)    27 (47.4)
   Positive      5 (62.5)      3 (37.5)  0.2601      3 (37.5)      5 (62.5)  0.475a

Satellite nodular
   Negative    24 (44.4)    30 (55.6) 27 (50) 27 (50)
   Positive      3 (27.3)      8 (72.7) 0.292      6 (54.5)      5 (45.5) 0.783
HBV infection
   Negative    24 (42.1)    33 (57.9)    30 (52.6)    27 (47.4)
   Positive      3 (37.5)      5 (62.5)  1.0001      3 (37.5)      5 (62.5)  0.475a

Calculus
   Negative    23 (40.4)    34 (59.6)    29 (51.8)    27 (48.2)
   Positive      4 (50.0)      4 (50.0)  0.7121      3 (37.5)      5 (62.5)  0.708a

LMVD
   Low    15 (57.7)    11 (42.3)    18 (69.2)      8 (30.8)
   High    12 (30.8)  27 (9.2) 0.031    15 (38.5)    24 (61.5) 0.015

1Analyzed by Fisher's exact test. HBV: Hepatitis B virus; LMVD: lymphatic microvessel density. HMGB1: High-mobility group box 1; VEGF-C: Vascular 
endothelial growth factor.
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Table 3  Multivariate analysis of prognostic factors in patients 
with intrahepatic cholangiocarcinoma

the difference were statistically significantly (P = 0.016) 
(Figure 2).

In Spearman’s Rank correlation coefficient analysis, 
HMGB1 overexpression positively correlated with LMVD 
(P = 0.031, r = 0.268) and VEGF-C (P = 0.03, r = 0.268) 
(Table 2).

Prognostic value of HMGB1 expression in IHCC
Univariate analysis revealed that HMGB1 was an 
unfavorable prognostic factor (P = 0.001). Additionally, 
tumor size (P = 0.022), lymph node metastasis (P < 
0.001), LMVD (P = 0.016), and VEGF-C (P = 0.004) 
were also significantly associated with overall survival. 
In a multivariate analysis, HMGB1 overexpression 
remained an independent prognostic factor (hazard 
ratio = 4.517, 95%CI: 1.458-13.992; P = 0.009) 
(Table 3). Notably, the IHCC patients who showed co-
expression of HMGB1 and VEGF-C had the poorest 
survival compared with other subgroups when analyzed 
by the Kaplan-Meier method (Figure 3).

HMGB1 expression in CCA cell lines
Western blotting was utilized to determine the ex-
pression levels of HMGB1 in a panel of CCA cell lines. 
As shown in Figure 4A, the protein expression level of 
HMGB1 was substantially higher in RBE cells compared 
with HUCCT-1 and QBC939 cells.

In vitro effect of HMGB1 on EMT
We firstly confirmed the decreased mRNA and protein 
expression levels of HMGB1 in siHMGB1-treated RBE 
cells when compared with those of control groups (Figure 
4B, C). As shown in Figure 4D, knockdown of HMGB1 
suppressed the TGF-β-induced EMT, as indicated by 

decreased protein expression of N-cadherin, vimentin, 
snail, and E-cadherin. By contrast, no significant change 
was identified in the protein expressions of claudin-1, 
ZO-1, β-catenin, or slug after si-HMGB1 treatment.

Modulation of VEGF-C by HMGB1 in conditioned 
supernatants
The level of VEGF-C in conditioned medium was 
significantly decreased in the siHMGB1 group compared 
with the control groups (P < 0.005). In the rHMGB1-
treated group, the VEGF-C level was significantly 
increased compared with the control (P < 0.001) (Figure 
5).

DISCUSSION
Although the pathogenesis of CCA is poorly understood, 
a number of risk factors have been identified, including 
primary sclerosing cholangitis, liver fluke, biliary 
calculus, and chronic infection of hepatitis C virus[29]. 
Chronic inflammation induced by these risk factors 
together with partial bile obstruction form a complex 
tumor-promoting microenvironment. Within the tumor 
microenvironment, cytokines, chemokines, and reactive 
oxygen species induce the recruitment of inflammation-
mediating immune cells and lead the necrosis of 
biliary epithelial cells, resulting in active secretion 
and/or passive releasing of HMGB1 to the extracellular 
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Figure 2  Distribution of lymphatic microvessel density categorized by 
high-mobility group box 1 expression. aP < 0.05 vs high expression. LMVD: 
Lymphatic microvessel density; HMGB1: High-mobility group box 1.

HMGB1 LVD P value r VEGF-C P  value r

Low High Negative Positive
Negative 15 12 0.031 0.268 18   9 0.03 0.268
Positive 11 27 15 23

Table 2  Correlations of high-mobility group box 1 with lymphatic microvessel density and vascular endothelial growth factor C in 
patients with intrahepatic cholangiocarcinoma

Parameters HR 95%CI P  value

Node stage
   Negative 1.000
   Positive 3.166 1.108-9.046 0.031
Tumor size (cm)
   < 5 1.000
   ≥ 5 4.212 1.429-12.420 0.009
Microvascular invasion
   Negative 1.000
   Positive 2.730 1.088-6.850 0.032
HMGB1
   Negative 1.000
   Positive 4.517 1.458-13.992 0.009
VEGF-C
   Negative 1.000
   Positive 3.003 1.016-8.875 0.047

HMGB1: High-mobility group box 1; HR: Hazard ratio; VEGF-C: Vascular 
endothelial growth factor C.

Xu YF et al . HMGB1 in intrahepatic cholangiocarcinoma
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milieu. In turn, release of HMGB1 further stimulates 
inflammatory responses, hence, a feed-forward cycle 
of inflammation exists in the tumor microenvironment 
of CCA[30]. In the current study, HMGB1 expression was 
also identified in extracellular milieu, which suggests 
that HMGB1 can be actively secreted or passively 
released into extracellular space in the CCA.

Extracellular HMGB1 binding to its receptors 
(RAGE and Toll-like receptors) subsequently initiates a 
signaling cascade involving mitogen-activated protein 
kinase, nuclear factor-κB, phosphoinositide 3-kinase, 
and Cdc42 in the setting of cancer, may lead to tumor 
cell survival, expansion, and metastasis[31]. Elevated 
expression of HMGB1 has been reported in carcinomas 
of the stomach[32], liver[30], breast[33], and prostate[34]. 
Univariate and multivariate analyses revealed that 
HMGB1 overexpression is a poor prognosis factor in 
IHCC. Our results suggest that HMGB1 contributes to 
the development and progression of CCA.

Additionally, we show that overexpression of HMGB1 
is associated with VEGF-C expression and high LMVD 
levels. Of note, VEGF-C is a prognostic factor and 
more importantly, the subset of IHCC patients with co-
overexpression of HMGB1 and VEGF-C had the worst 
cancer-related survival. Previously, Chuangui et al[35] 
reported that the expression of HMGB1 is associated 
with lymph node metastasis and poor prognosis in 
esophageal squamous cell carcinoma. We thus speculate 
that HMGB1 playa a role in lymphangiogenesis through 
interaction with VEGF-C signaling pathways[36]. Further 
in vitro analysis showed that levels of VEGF-C in 

supernatants are significantly decreased with HMGB1 
knockdown, and increased with rHMGB1 treatment. This 
indicates that HMGB1 expression in RBE cells promotes 
the secretion of VEGF-C. Alternatively, it is possible that 
HMGB1 binding to its receptors activates transduction 
signals such as Ras/mitogen-activated protein kinase 
and nuclear factor-κB, which stimulate the expression 
of VEGF-C, thereby, promoting lymphangiogenesis[37].

Metastasis is a central hallmark of malignancy 
during which cancer cells disseminate from the original 
site and transfer to distant organs[38]. EMT is considered 
as a critical step in this process[39]. The main molecular 
characteristic of EMT is the down-regulation of epithelial 
markers and the up-regulation of mesenchymal 
markers[40]. In the current study, for the first time, our 
data suggest that HMGB1 overexpression promotes 
EMT of RBE cells, and HMGB1 might endow CCA cells 
with the ability to metastasize via induction of EMT.

There are several limitations in our study. First, 
the IHCC cohort is relatively small. CCA is a rare 
malignancy, with only approximately 9760 new cases 
diagnosed annually in the United States[41], and 
IHCC only occupies about 20% of these cases[42]. 
Moreover, the majority of patients are diagnosed at 
an unresectable stage, which makes it difficult to 
obtain samples and perform a large randomized trial. 
Another limitation is the lack of in vivo data to further 
characterize the role of HMGB1 in IHCC. Although we 
have found that HMGB1 is an independent prognostic 
factor in IHCC, and HMGB1 expression is associated 
with lymph node metastasis, the underlying molecular 
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Figure 3  Survival curves of high-mobility group box 1 and vascular endothelial growth factor C in intrahepatic cholangiocarcinoma. Kaplan-Meier method 
univariate analyses of HMGB1 (A); VEGF-C (B); Survival curves of intrahepatic cholangiocarcinoma patients with and without expression of HMGB1 and VEGF-C co-
expression (C). VEGF-C: Vascular endothelial growth factor C; HMGB1: High-mobility group box 1.
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mechanism of how HMGB1 contributes to faster CCA 
progression still remains unclear. More experiments 
are needed to elucidate the receptor and downstream 
signaling pathways initiated by HMGB1, as well as 
the entire signaling network of HMGB1. In addition, 
animal models are an essential tool to study the role 
of biomarkers in cancer progression. We hope that our 
results in vitro trigger further investigation on the role 
of HMGB1 in IHCC in vivo.

In summary, this is the first study to systematically 
characterize HMGB1 expression in an IHCC cohort. 
HMGB1 is shown to be an independent poor prognostic 
factor in IHCC, and our data suggest a link between 
HMGB1 and VEGF-C in IHCC. That is, overexpression 

of HMGB1 might promote lymphangiogenesis through 
a VEGF-C-related pathway. On the other hand, HMGB1 
overexpression promotes progression of IHCC by 
promoting angiogenesis and EMT.

COMMENTS
Background
Cholangiocarcinoma (CCA) is a lethal malignancy of the biliary tract with 
very few treatment options. CCA is characterized by poor responsiveness 
to chemotherapy and radiotherapy in the majority of cases. So far, surgical 
resection is the only potentially curative option. The morbidity and mortality of 
CCA, especially intrahepatic cholangiocarcinoma (IHCC), have been increasing 
worldwide in recent years. IHCC is characterized by silent clinical signatures, 
early regional invasiveness, distant metastasis, and a poor prognosis.
Research frontiers
High-mobility group box 1 (HMGB1) is involved in a variety of biologic 
processes, including transcription, DNA repair, differentiation, and extracellular 
signal transduction. Clinically, overexpression of HMGB1 has been reported in 
multiple malignancies, but there has been no study so far to investigate the role 
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This study, for the first time, showed that HMGB1 is an independent prognostic 
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suggests that HMGB1 enhances the secretion of VEGF-C and promotes 
epithelial-mesenchymal transition of RBE cells.
Applications
This results defined an important role of HMGB1 in the progression of 
cholangiocarcinoma, and HMGB1 may serve as a prognostic marker for IHCC 
patients. These findings suggested that HMGB1 could be a potential molecular 
target in cholangiocarcinoma.
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Additionally, mechanistic studies were performed investigating a presumed 
functional link between HMBG1 and epithelial-mesenchymal transition and 
VEGF-C-dependent lymphangiogenesis. This study deals with an interesting 
topic; some of the findings herein have not been reported in this particular 
setting and may indeed give some new insights.
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Abstract
AIM: To investigate the serovirological prevalence and 
clinical features of hepatitis E virus (HEV) infection 
in end-stage renal failure patients and in the healthy 
population.

METHODS: HEV infection is a viral disease that can 
cause sporadic and epidemic hepatitis. Previous studies 
unexpectedly showed a high prevalence of HEV antibodies 
in immunosuppressed subjects, including hemodialysis 
(HD) patients and patients who had undergone kidney 
transplant. A cohort/case-control study was carried out 
from January 2012 to August 2013 in two hospitals in 
southern Italy (Foggia and S. Giovanni Rotondo, Apulia). 
The seroprevalence of HEV was determined in 801 subjects; 
231 HD patients, 120 renal transplant recipients, and 
450 health individuals. All HD patients and the recipients 
of renal transplants were attending the Departments 
of Nephrology and Dialysis at two hospitals located in 
Southern Italy, and were included progressively in this 
study. Serum samples were tested for HEV antibodies (IgG/
IgM); in the case of positivity they were confirmed by a 
Western blot assay and were also tested for HEV-RNA, and 
the HEV genotypes were determined.

Case Control Study
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RESULTS: A total of 30/801 (3.7%) patients were positive 
for anti-HEV Ig (IgG and/or IgM) and by Western blot. The 
healthy population presented with a prevalence of 2.7%, 
HD patients had a prevalence of 6.0%, and transplant 
recipients had a prevalence of 3.3%. The overall combined 
HEV-positive prevalence in the two groups with chronic 
renal failure was 5.1%. The rates of exposure to HEV 
(positivity of HEV-IgG/M in the early samples) were lower 
in the healthy controls, but the difference among the 
three groups was not statistically significant (P > 0.05). 
Positivity for anti-HEV/IgM was detected in 4/30 (13.33%) 
anti-HEV Ig positive individuals, in 2/14 HD patients, in 
1/4 transplant individuals, and in 1/12 of the healthy 
population. The relative risk of being HEV-IgM-positive was 
significantly higher among transplant recipients compared 
to the other two groups (OR = 65.4, 95%CI: 7.2-592.7, P 
< 0.001), but the subjects with HEV-IgM positivity were 
numerically too few to calculate a significant difference. No 
patient presented with chronic hepatitis from HEV infection 
alone.

CONCLUSION: This study indicated a higher, but not 
significant, circulation of HEV in hemodialysis patients 
vs  the healthy population. Chronic hepatitis due to the 
HEV virus was not observed.

Key words: Hepatitis E virus infection; Prevalence; 
Immunosuppressed subjects; Hemodialysis patients; 
Transplant recipients

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Hepatitis E, a single-stranded RNA virus, is 
the main aetiological agent of enteric non-A hepatitis. 
Previous seroprevalence surveys in developed coun-
tries showed variable rates of anti-hepatitis E virus 
(HEV) positivity in healthy populations, and several 
studies reported an unexpectedly high prevalence of 
antibodies against HEV in hemodialysis patients. The 
purpose of this survey was: (1) to compare the rate 
of HEV infection in renal transplant recipients and 
patients undergoing chronic hemodialysis to a control 
population; (2) to determine if these patients have an 
increased risk for HEV exposure; and (3) to evaluate 
the stage of liver disease.

Scotto G, Aucella F, Grandaliano G, Martinelli D, Querques 
M, Gesuete A, Infante B, Carri PD, Massa S, Salatino G, Bulla 
F, Fazio V. Hepatitis E in hemodialysis and kidney transplant 
patients in south-east Italy. World J Gastroenterol 2015; 
21(11): 3266-3273  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i11/3266.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3266

INTRODUCTION
Blood-borne viral hepatitis [hepatitis B virus (HBV) and 
hepatitis c virus (HcV)] infections represent relevant 

causes of liver disease in end stage renal failure 
patients on hemodialysis (HD)[1-5]. In recent years, 
preventive measures and extensive infection control 
guidelines guided a progressive decrease of HcV 
and HBV rates in these patients[2-9]. Nevertheless, a 
proportion of liver illnesses due to non A-B-c hepatitis 
occur in these individuals. Previous seroprevalence 
surveys in developed countries showed variable rates 
of anti-hepatitis E virus (HEV) positivity in healthy 
populations[10,11], and several studies reported an 
unexpectedly high prevalence of antibodies against 
HEV in hemodialysis patients[12-15]. The higher 
prevalence of HEV-IgG in chronic hemodialysis patients 
could be related to their impaired immunity, with an 
increased susceptibility to infections and decreased 
immune responses to antigenic stimuli (e.g., HBV 
vaccination)[16-18]. Furthermore, they present a reduced 
response to HBV vaccination. In fact, these patients 
have an increased risk of contact with nosocomially-
transmitted agents, and the role of enterically-
transmitted hepatitis viruses in such cases needs to be 
defined.

Hepatitis E, a single-stranded RNA virus, is the 
main aetiological agent of enteric non-A hepatitis. In 
the recent past, it was believed to be present only in 
developing countries, where it was associated with 
epidemic outbreaks through the fecal-oral route from 
contaminated water supplies, but it is now recognized 
as a worldwide infection, sometimes related, in 
developed countries, to an asymptomatic zoonotic 
infection (as well as undercooked meat products)[19-21] 

or to parenteral/vertical transmission[22-24]. Furthermore, 
it has been recently noted that a variable rate of 
blood donors were positive for HEV-RNA[25-27]. There 
are scant reports on the prevalence and possible 
nosocomial transmission of HEV in HD patients. 
Some authors highlighted the high rates of anti-HEV 
antibodies in their HD patients and hypothesized other 
routes of transmission besides the fecal-oral route, 
although the real prevalence of HEV infection through 
the parenteral route, particularly via hemodialysis, is 
unknown[28]. Other investigators observed low rates of 
anti-HEV-positivity in their HD populations[15,29,30].

Previous seroprevalence studies showed anti-
HEV/IgG positivity in 6%-16% of renal transplant 
recipients[31-33]; this variability is often because this 
virus is not routinely screened for in cases of acute 
hepatitis in recipients of solid-organ transplants. 
Recently, HEV infection has been presented as a 
chronic infection, sometimes with associated cirrhosis 
in immunosuppressed individuals. These cases 
included solid-organ (including kidney) transplant 
recipients receiving immunosuppressive therapy[33-36], 
patients with hematological malignancies[37-39], and 
subjects with HIV infection[40]. It is not known whether 
HEV can induce chronic hepatitis in subjects with 
defects of humoral and cellular immunity, such as in 
patients with end-stage renal failure requiring renal 
replacement therapy. 
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To our knowledge, few studies have examined 
the seroprevalence rate and clinical evolution of HEV 
infection among HD patients and in recipients of 
renal transplants in Italy. The purpose of this survey 
was (1) to compare the rate of HEV infection in 
renal transplant recipients and patients undergoing 
chronic hemodialysis to a control population; (2) to 
determine if these patients have an increased risk for 
HEV exposure; and (3) to evaluate the stage of liver 
disease.

MATERIALS AND METHODS
This observational study was carried out from January 
2012 to August 2013. The seroprevalence of HEV was 
determined in 801 subjects (231 HD patients, 120 
renal transplant recipients, and 450 individuals coming 
from the general population as controls). All of the 
HD patients and the recipients of renal transplants 
were attending the Departments of Nephrology and 
Dialysis at two hospitals located in southern Italy 
(Foggia and S. Giovanni Rotondo, Apulia), and were 
included progressively in this study. The controls 
were aged > 18 years and were identified from out-
patient populations attending these hospitals for blood 
tests. Among the control patients, most were healthy, 
others had a range of acute/chronic general medical 
conditions, and some (approximately 6%) had a 
history of liver disease. All of the subjects included in 
the study were orally informed about the purpose of 
the study and invited to participate. Each patient gave 
informed consent. The research was conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2008) and according to local guidelines and laws. 
Because this was a case-control study, the assent 
of the local Ethics committee was not mandatory. 
At baseline, all study participants were requested 
to complete a questionnaire to obtain demographic, 
lifestyle, socio-economic, and clinical data in order to 
assess their previous exposure to viral hepatitis. These 
data included sexual orientation, ethnicity, and liver 
function tests; underlying nephrological diagnosis, 
previous transplantation (if on chronic hemodialysis), 
hemodialysis, and transplant vintage and previous/
current immunosuppressive treatment data were 
obtained for HD and transplant patients. Routine HD 
techniques were performed with 0.75 h treatments 
three times a week. The history of blood transfusion 
requirements for each patient was evaluated. No 
patient admitted had a history of intravenous drug 
abuse. All enrolled subjects also received a full 
clinical examination and were treated according to 
their clinical situation. The demographic, clinical, and 
laboratory data of all patients are presented in Table 1.

The samples were investigated for the presence 
of anti-HEV immunoglobulin (IgG/IgM) using a 
commercial enzyme immunoassay (EIA) based 

on recombinant proteins (HEV IgG/IgM; DIA.PRO, 
Diagnostic BioProbes, Milan, Italy). If repeatedly 
positive (when sera gave an absorbance greater than 
the cut-off value), the results were confirmed by a 
Western blot assay (HEV-recomBlot, Nuclear Laser 
Medicine, Milan, Italy).

To determine HEV-RNA, a commercially-available 
assay was used (Qiamp viral RNA mini-kit, Qiagen, 
chatsworth, cA). After RT-nested PcR, genotyping was 
performed using restriction endonuclease analysis; 
a technique in which DNA fragments obtained from 
digestion with restriction enzymes are compared to 
construct a restriction map showing the position of 
specific sites along a sequence of DNA[41]. Anti-HEV 
antibodies, Western blots, determination of HEV-RNA, 
and genotype assessments were performed using the 
same assays in a single laboratory (Foggia).

HBV markers were assayed by commercial 
immunoassay (Abbott-Auszyme Mc, Abbott Laboratories, 
North chicago, IL, United States). The presence of 
antibodies to HcV was determined by the use of a 
third-generation enzyme-linked-immunoabsorbent 
assay (HcV-ELISA, Ortho Diagnostic System, 
Raritan, NJ, United States) and confirmed by a third-
generation-recombinant-immunoblot assay (RIBA, 
Ortho Diagnostic Systems, Raritan, NJ, United States). 
To determine HBV-DNA and HcV-RNA, a commercially-
available assay was used (Qiamp viral RNA, Qiagen, 
chatsworth, cA). The presence of antibodies to HIV 1 
and 2 was determined by a commercial immunoassay 
(Ortho Diagnostic Systems, Raritan, NJ, United States). 
To determine HIV-RNA, a commercially-available assay 
was used (Artus HIV virus 1, Rg RT-PcR kit, Qiagen, 
chatsworth, cA, United States).

Serum alanine-amino-transferase (ALT) was 
quantified by ultraviolet-enzymatic-assay (normal 
range, 0-40 IU/L). Each patient’s hepatic biochemical, 
epidemiological, and virological parameters were 
recorded, and a serum sample was taken and frozen 
at -70 ℃ prior to being tested for HEV by reverse 
transcriptase-polymerase chain reaction (RT-PcR), 
anti-HEV immunoglobulin G (IgG, IgM) immunoassays, 
and western blotting.

Statistical analysis
The χ 2 test was used to compare categorical variables 
(sex, positivity for anti-HEV IgG/M, Western blot test 
results for HEV antibodies, HcV antibodies, and HBV 
markers). When possible, odds ratio and 95%cIs were 
calculated. continuous variables (age and ALT levels) 
were compared by Student’s t-test for independent 
samples and ANOVA. Logistic-regression models were 
used to account for the confounding effects of patient 
demographics. P values < 0.05 were considered 
significant. The data were analyzed by STATA 10 MP 
software (Stata corp., United States) for Mac OS X.
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patients (1 dialysis and 1 transplant, both HEV/HcV 
co-infected), who presented with hepatic fibrosis. 
Among dialysis and transplant patients with acute 
hepatitis (anti-HEV IgM), one carried genotype 1 
(an immigrant) and two presented with genotype 3; 
among the general population the only anti-HEV IgM 
patient presented with genotype 3. 

There was no significant correlation for either 
group between sex (males 7/14 in HD patients, 
2/4 in renal transplants recipients, and 8/12 in the 
healthy population) and HEV-IgG/IgM and Western 
blot positivity (P > 0.05). The mean age in the 
transplant individuals and in the dialysis patients was 
not significantly different between subjects who were 
HEV-positive (age of transplant subjects: 48.5 ± 
12.1 years; age of HD patients: 59.0 ± 6.7) vs HEV-
negative (age of transplant subjects: 48.5 ± 18.9 
years; age of HD patients: 62.9 ± 6.3; P > 0.05). 
Instead, the mean age of the healthy population was 
significantly higher in HEV-positive subjects (49.8 ± 
12.1 years) vs HEV-negative (39.7 ± 18.9 years, P < 
0.05). However, in logistic-regression models adjusted 
for age, sex, and group, the risk of anti-HEV positivity 
was not significantly higher in HD patients compared 
with the other two groups. The only statistically 
significant association in HD patients was with age 
(OR = 11.7, 95%cI: 5.9-23.2, P < 0.001). The cohort 
of patients > 45 years presented with HEV positivity 
more frequently than the groups aged 21-45 years. 
The risk of Western blot positivity was related to age 
and was higher in HD patients (OR = 12.3, 95%cI: 
5.9-25.5, P < 0.001).

The hemodialysis vintage in HD patients ranged 
between 4-121 mo (median 79.2 mo) for anti-HEV 
positive patients and between 1-184 mo (median 79.4 
mo) for the anti-HEV negative patients (P > 0.05). 
Among the patients with a functioning transplant, 
only 2/4 patients who were HEV positive had a prior 
history of HD treatment (median 21 mo vs 17 mo for 
HEV-negative patients). The length of hemodialysis 
treatment in these subjects also did not seem to be a 
significant risk factor for HEV IgG positivity; however, 

RESULTS
A total of 30/801 (3.7%) patients were anti-HEV Ig (IgG 
and/or IgM) and Western blot positive; almost none of 
the patients showed any clinical symptom that could be 
related to acute or chronic hepatitis. The prevalence in 
dialysis patients was 6.0% (14 patients); in transplant 
recipients the prevalence was 3.3% (4 individuals) and 
in the general population the prevalence was 2.7% (12 
subjects). The combined overall HEV-positive prevalence 
in the two groups with chronic renal failure was 5.1%. 
The rates of exposure to HEV (positivity of HEV-IgG/M 
in the early samples) were lower in the healthy controls, 
but the difference among the three groups was not 
statistically significant (P > 0.05).

Positivity for anti-HEV/IgM was detected in 4/30 
(13.33%) anti-HEV Ig positive individuals, in 2/14 HD 
patients, in 1/4 transplant individuals, and in 1/12 
individuals from the healthy population (Table 2).

There was not a statistically significant difference 
between the rates in HD patients and healthy controls 
(0.98% vs 0.22%, P > 0.05). The relative risk of being 
HEV-IgM-positive was significantly higher in transplant 
recipients compared to the other two groups (OR = 
65.4, 95%cI: 7.2-592.7, P < 0.001), but the subjects 
with HEV-IgM positivity were numerically too few to 
determine a significant difference. The origin of acute 
HEV infection (IgM positive and HEV-RNA detectable) 
in HD patients, transplant recipients, and the healthy 
population was uncertain.

HEV-RNA determination was positive in all IgM-
positive patients and in two of the IgG positive 
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Table 1  Clinical characteristics, n

Transplant patients HD patients General population

Total 120 231 450
Sex (male:female) 82:38 126:105 178:272
Median age (yr) 48 63 40
Causes of renal failure Chronic glomerulonephritis: 43 Chronic glomerulonephritis: 73

Nephroangiosclerosis: 21 Nephroangiosclerosis: 27
Polycystic kidney disease: 16 Polycystic kidney disease: 32

Diabetic nephropathy: 14 Diabetic nephropathy: 44
Chronic interstitial nephritis: 11 Chronic interstitial nephritis: 26

Other aetiologies: 15 Other aetiologies: 29
Median HD treatment 18 mo (range: 1-54 mo) 79 mo (range: 3-154 mo)

17 mo (range: 1-48 mo) HEV-negative 78.9 mo (range: 3-149 mo) HEV-negative
21 mo (range: 3-54 mo) HEV-positive 81 mo (range: 7-154 mo) HEV-positive

Immunosuppressive treatment All of the patients (120) Yes: 2 (males)

HEV: Hepatitis E virus; HD: Hemodialysis.

Table 2  Hepatitis E virus antibodies  n  (%)

Transplant patients HD patients General population

Total 120 231 450
Anti-HEV Ig pos. 4 (3.3) 14 (6) 12 (2.7)
HEV IgM pos.     1     2     1
 HEV RNA pos.     2     3     1

HEV: Hepatitis E virus; HD: Hemodialysis.
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the duration of HD treatment before renal transplant in 
HEV-positive individuals was lower compared to that of 
hemodialysis patients.

Five out of one hundred and thirty one (2.2%) 
HD patients and 1/120 (0.83%) transplant recipient 
presented with HBV infection (hepatitis B surface 
antigen positive), while 67/231 (29.0%) HD patients 
and 29/120 (24.2%) transplant recipients had 
serological parameters of previous HBV infection (anti-
HBc and/or anti-HBs positivity). The individuals who 
had been immunized with hepatitis B vaccine were 
not included in this calculation of HBV infection. co-
infection with HBV/HEV was not present in any of the 
HD or transplant subjects.

Moreover, we observed 18/231 (7.8%) patients 
with an anti-HcV antibody among HD patients and 
19/120 (15.8%) patients with an anti-HcV antibody 
among the transplant recipients. co-infection with 
HEV/HcV was present in 1/14 (7.1%) of the HD 
patients and 1/4 (25%) of the transplant subjects. No 
co-infection with other hepatitis viruses was present in 
the HEV positive subjects from the general population.

Patients with chronic renal failure and HEV-IgG 
positivity were for the most part asymptomatic; only 
7/18 (38.9%) reported moderate asthenia, whereas 
jaundice was present in 1/3 (33.3%) IgM-positive 
patients and hepato-splenomegaly and distended 
abdomen were observed in 2/3 (66.76%). 

Among the HD patients and transplant recipients 
who were anti-HEV positive, approximately 67% of 
individuals had normal ALT values. Higher serum levels 
of ALT were observed in HEV-IgM positive vs HEV-
IgM negative subjects (178.8 ± 131.1 vs 33.7 ± 14.5, 
P < 0.001). Among the HEV-IgG positive subjects, 
ALT levels were not significantly different among 
HD patients (31.59 ± 18.05 UI/mL) vs transplant 
individuals (28.8 ± 13.1) and the general population 
(54 ± 30 UI/mL), P > 0.05. 

There is no connection between any stage of 
chronic hepatitis and HEV infection alone in any of 
the patients groups who presented with chronic renal 
failure. In fact, the two IgG positive patients (1 dialysis 
and 1 transplant patient) who presented with chronic 
active hepatitis with advanced fibrosis were HcV-
HEV co-infected, and both patients presented with 
genotype HEV 3. 

DISCUSSION
In the past few years, there has been increasing 
evidence that HEV, with the development of 
acute/chronic clinical disease (mainly in immune-
compromised patients, HD patients, and transplant 
recipients), may occur in non-endemic areas, with 
the zoonotic pathway (porcine zoonosis) having been 
found to be the major reason for this infection[20,21,42,43]. 
There are few data on the prevalence of HEV infection 
and/or the prevalence of circulating HEV antibodies in 
end-stage renal failure patients for Italy as a whole or 

in just in southern Italy[11,44,45]. 
In this survey, we studied three cohorts of 

individuals (hemodialysis patients, kidney transplant 
recipients, and the general population as a control); 
the overall prevalence of circulating HEV-Ab was 
3.7% with appreciable, but not significant, deviations 
between the general population (2.7%) and HD 
patients (6.0%), but not kidney transplant recipients 
(3.3%), compared to the general population. 

There are few studies with conflicting results about 
HEV epidemiology among HD patients[10,11,14,15]. The 
different prevalence of HEV infection in the general 
population[42,43,46], the parameters for the inclusion 
of patients, the routes of HEV transmission[22,24], 

and the serological assays used[47,48] could partially 
explain the different findings. In our research 
in patients with defects in cellular and humoral 
immunity, we confirmed HEV-Ig positivity with western 
immunoblotting techniques, which validated both the 
acute-phase and chronic-phase with better sensitivity 
and specificity[49]. The seroprevalence of anti-HEV/IgG 
observed in our HD patients is lower than that reported 
in other recent studies in the United Kingdom[10], 
France[46], and Japan[15], and is consistent with HEV 
seroprevalence data in Greece[13,30], another study in 
Japan[29], Spain[31], and Saudi Arabia[50]. In all of these 
studies, there was a higher anti-HEV seroprevalence in 
HD patients vs controls. 

A logistic regression analysis showed that neither 
length of HD, nor other variables related to HD, such 
as blood transfusion, were associated with HEV, while 
a significant link was reported between the presence 
of antibodies type IgG and older age (> 70 years). 

The correlation of HEV/older age could reflect a 
cohort phenomenon due to infections acquired some 
decades ago. Antibodies for HEV/IgG can persist 
over the long-term, and it may be that water-borne 
hepatitis outbreaks of unknown aetiology occurred in 
Apulia earlier in the 20th century and became present 
as sporadic cases owing to the fecal pollution of 
drinking water with hepatitis E and not A (previously 
related to the high circulation of HAV in our region, 
which is approximately 60% of subjects older than 50 
years).

HEV is usually associated with an enterically-
transmitted infection, but the high prevalence of anti-
HEV reported in some studies in HD patients indicated 
that the fecal-oral route may not be the only route of 
transmission of HEV and these individuals with a high 
risk for HBV and HcV could also have been infected 
by unknown HEV. In fact, experimental transmission 
of HEV in humans showed a transient phase of 
viremia preceding the onset of clinical symptoms, 
and prolonged viremia has been observed in some 
patients[50]. Therefore, a theoretical possibility of HEV 
parenteral transmission has been suggested, mainly 
in endemic areas[50,51]. In our study, only two patients 
presented with an association between HEV and HcV. 
Our data are probably different than that of regions 
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with high rates of HEV infection for two reasons: first, 
in Italy, there is a modest rate of anti-HEV and a low 
flow of HEV in our community, resulting in a reduced 
risk of chronic HcV co-infection; second, a relatively 
small number of patients were tested.

Another interesting and stimulating hypothesis 
was suggested by Harrison et al[52], claiming that the 
use of heparin, derived from porcine small intestine, 
in HD patients might be one possible cause of HEV 
infection[53]; HEV has been found in the porcine small 
intestine after experimental HEV infection in pigs[54]. 
It is not known whether heparin regularly used in 
humans is infected with HEV, but this might be a 
possible route of infection and merits further studies[52].

Acute HEV in HD and transplant patients is 
infrequent and possibly under-diagnosed. Only 
0.9% (2/31) of HD patients and 1/120 (0.8%) of 
transplant recipients in the present survey were anti-
HEV/IgM positive, and only one of the patients had 
any symptoms/signs suspected or diagnosed as 
acute hepatitis. The clinical events usually associated 
with acute hepatitis are often less evident in these 
patients (low grade or subclinical hepatitis); this factor 
might have contributed to the failure to recognize 
and document any clinical episodes of hepatitis in our 
patients. Serum levels of ALT are low in HD patients, 
and its elevation is usually less pronounced in these 
individuals, even in the presence of acute hepatitis. In 
fact, chronic uremic patients present with a reduced 
immune competence, and this situation can be 
responsible for the attenuated inflammatory reactions 
in the liver and consequently reduced hepatocyte 
destruction, and, therefore, the AST/ALT levels in HD 
patients are usually suppressed[50,55]. The ALT levels in 
the three patients found to be IgM anti-HEV positive in 
our study showed only mild abnormalities; the highest 
ALT levels, with a peak elevation within 1 ± 3 d of the 
onset of the illness followed by a decline, were less 
than twice the upper limit of normal levels.

We observed that the HD patients had a higher 
HEV seroprevalence than transplant recipients 
(6% vs 3.3%), suggesting that hemodialysis could 
represent a risk factor for HEV infection. However, 
in our study, renal transplant recipients with a prior 
history of HD had the same rate of HEV infection than 
that seen in transplants recipients without prior HD 
treatment. The different seroprevalence between the 
HD patients and transplant recipients is unexplained, 
although it is possible that anti-HEV serological assays 
perform poorly in transplant recipients receiving 
immunosuppressive treatment are the cause, thereby 
determining a percentage error with false negative 
results[56]. In the transplant recipients in our survey, 
the numbers and the doses of immunosuppressive 
drugs were decreased when they were diagnosed anti-
HEV IgM and HEV-RNA positive. In fact, this is the first 
approach to control HEV infection in these patients[33], 
because these drugs decrease the synthesis of 
antibodies and inhibit the cell-cycle progression and 

differentiation of human B lymphocytes. The humoral 
immune response is necessary to clear HEV and 
prevent hepatitis[57,58]. 

However, in the past few years, many studies have 
reported a surprisingly high prevalence of chronic HEV 
hepatitis in immunosuppressed patients, including 
kidney transplant recipients[34-36]. In our survey, at 
6 mo of follow-up, no patient remained chronically 
viremic and there was not a correlation between any 
stage of chronic hepatitis and HEV infection alone 
in any patient of the two groups with chronic renal 
failure. The only patients who presented with chronic 
active hepatitis were HcV-HEV co-infected. 

Finally, this study showed a higher circulation of 
HEV in end-stage renal failure in the district of Foggia 
vs the healthy population, but this high prevalence is 
mainly related to hemodialysis patients. 

There was no relationship between the duration of 
HD treatment and the risk of acquiring a HEV infection. 
None of the kidney transplant recipients or HD patients 
had any evidence of chronic HEV. Although no specific 
therapy is currently available, unexplained hepatitis in 
the dialysis setting and in kidney transplant recipients 
undergoing chronic immunosuppression calls for 
an evaluation of HEV infection, especially in kidney 
transplant candidates. 

COMMENTS
Background
Hepatitis E is the main aetiological agent of enteric non-A hepatitis. In the 
recent past, it was believed to be present only in developing countries, where 
it was associated with epidemic outbreaks through the fecal-oral route from 
contaminated water supplies, but it is now recognized as a worldwide infection, 
sometimes related, in developed countries, to an asymptomatic zoonotic 
infection (as well as undercooked meat products).
Research frontiers
Recently, previous seroprevalence surveys in developed countries showed 
variable rates of anti-hepatitis E virus (HEV) positivity in healthy populations, 
and several studies reported an unexpectedly high prevalence of antibodies 
against HEV in hemodialysis patients. 
Innovations and breakthroughs
There are scant reports on the prevalence and possible nosocomial 
transmission of HEV in hemodialysis (HD) patients. Some authors highlighted 
the high rates of anti-HEV antibodies in their HD patients and hypothesized 
other routes of transmission besides the fecal-oral route, although the real 
prevalence of HEV infection through the parenteral route, particularly via 
hemodialysis, is unknown. Other investigators observed low rates of anti-HEV-
positivity in their HD populations.
Applications
This study showed a higher circulation of HEV in end-stage renal failure in 
the district of Foggia vs the healthy population, but this high prevalence is 
mainly related to hemodialysis patients. There was no relationship between 
the duration of HD treatment and the risk of acquiring a HEV infection. None 
of the kidney transplant recipients or HD patients had any evidence of chronic 
HEV. Although no specific therapy is currently available, unexplained hepatitis 
in the dialysis setting and in kidney transplant recipients undergoing chronic 
immunosuppression calls for an evaluation of HEV infection, especially in 
kidney transplant candidates.
Terminology
Hepatitis E, a single-stranded RNA virus, is the main aetiological agent of 
enteric non-A hepatitis. The prevalence of HEV-IgG in chronic hemodialysis 
patients and transplant recipients could be related to their impaired immunity, 
with an increased susceptibility to infections and decreased immune responses 
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Abstract
AIM: To evaluate the predictive value of the lymph 
node (LN) ratio (LNR, number of metastatic LNs/ 
examined LNs) for recurrence in patients with rectal 
cancer and to compare its applicability according to 
preoperative chemoradiotherapy (PCRT).

METHODS: From 2000 to 2009, 967 patients with 
metastatic LNs after curative resection for locally 
advanced rectal cancer were identified. Patients were 
categorized according to PCRT (PCRT vs  No PCRT). 
The cut-off LNR was determined based on the pN1 
vs  pN2 when the recommended number of LNs was 
harvested. The 5-year recurrence-free survival (RFS) 
rates using the Kaplan-Meier method were compared 
according to p/yp N stage and the LNR in each group.

RESULTS: Among patients with the same p/ypN stage, 
the 5-year RFS rate differed according to the LNR. In 
addition, the 5-year RFS rate was significantly different 
between pN and LNR groups in patients with No PCRT. 
In PCRT group, however, only LNR was associated with 
prognosis. On multivariate analysis, both pN and LNR 
were significant independent prognostic factors for 
5-year RFS in the No PCRT group. In the PCRT group, 
only LNR category was found to be associated with 
RFS (HR = 2.36, 95%CI: 1.31-3.84, and P  = 0.001).

CONCLUSION: The LNR is an important prognostic 
predictor of RFS in rectal cancer patients especially 
treated with PCRT. Current pN categories could not 
discriminate between prognostic groups of RFS after 
PCRT.

Key words: Rectal cancer; Preoperative chemora-
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Core tip: The number of metastatic lymph node might 
show different prognosis according to the number of 
examined lymph node. Retrieved number of lymph 
node after preoperative chemoradiotherapy (PCRT) has 
been known fewer than those without PCRT. However, 
number of metastatic lymph nodes used in pathologic 
staging was same between patients treated with PCRT 
and those without PCRT. The present study suggests the 
metastatic lymph node ratio would be useful prognostic 
indicator and it is more prominent in patients treated 
with PCRT.

Park IJ, Yu CS, Lim SB, Yoon YS, Kim CW, Kim TW, 
Kim JH, Kim JC. Ratio of metastatic lymph nodes is more 
important for rectal cancer patients treated with preoperative 
chemoradiotherapy. World J Gastroenterol 2015; 21(11): 
3274-3281  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i11/3274.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3274

INTRODUCTION
The current staging system for colorectal cancer is 
based solely on the number of metastatic lymph nodes 
(LNs)[1]. To accurately stage patients using this system, 
a sufficient number of LNs-greater than 12 for colorectal 
cancer-must be examined to avoid underestimation of 
nodal stage[2]. The number of identified metastatic LNs 
can be influenced by the total number of LNs examined, 
and this can affect staging[3-5]. However, it remains 
unclear whether the prognostic significance of the 
number of metastatic LNs differs between patients who 
have only a small number of LNs retrieved compared to 
patients who have several LNs retrieved.

To overcome this limitation of the TNM staging 
system, a complementary LN metastasis stratification 
method is needed. The LNR, defined as the ratio of 
metastatic to examined LNs, has been shown to be 
useful in identifying prognostic subgroups within gastric 
and esophageal cancer patients[6,7]. The prognostic 
value of the LNR has also been demonstrated in 
colon and rectal cancer[8-10]. These previous studies 
have shown that the LNR can be used not only as a 
prognostic indicator, but also as a parameter for a 
more accurate stratification system than the metastatic 
LN absolute number-based staging system in colon 
and rectal cancer.

Preoperative chemoradiotherapy (PCRT) has been 
shown to induce shrinkage of tumors and provide 
lymphatic drainage, and is associated with improved 
local control[11-13]. However, the applicability of 

postoperative pathologic results in patients treated by 
PCRT has not been fully assessed. Furthermore, while 
a correlation between lymph node metastasis and poor 
oncologic outcome in patients treated with PCRT and 
radical resection has been suggested, the value of the 
LNR after PCRT remains controversial[14,15]. PCRT has 
been shown to result in a significant decrease in both 
the size and number of LNs available for examination 
after resection[16-20]. Consequently, the number of LNs 
examined could be below the recommended number 
in patients with rectal cancer. Therefore, for patients 
with rectal cancer treated with PCRT, a complementary 
LN metastasis stratification method may be needed 
than for those treated with upfront surgery.

It is unclear whether the impact of the LNR on 
prognosis differs between rectal cancer patients treated 
with PCRT and those treated with upfront surgical 
resection. The aim of this study was to evaluate the 
prognostic impact of the LNR in rectal cancer patients 
with metastatic LNs after radical resection.

MATERIALS AND METHODS
Patients, clinical staging, and treatment
We performed a retrospective consecutive cohort 
study of patients with biopsy-proven, locally advanced 
mid and low rectal cancer who were treated at Asan 
Medical Center between 2000 and 2009. Patients were 
identified from our institutional colorectal cancer patient 
database and tumor registry. Among the identified 
patients, 967 patients proved to have metastatic 
LNs on final pathologic examination. Patients with 
concurrent distant metastasis, concurrent inflammatory 
bowel disease, hereditary colorectal cancer syndromes, 
concurrent malignancy, emergent surgery, a prior 
history of radiotherapy to the pelvis, or a prior history of 
malignancy were excluded. Study approval was obtained 
from the Asan Medical Center Institutional Review Board.

Pretreatment clinical stage was assessed based 
on transrectal ultrasound (TUS), magnetic resonance 
imaging (MRI), or computed tomography (CT) findings. 
All patients also underwent full colonoscopic evaluation 
to exclude synchronous tumors, as well as digital 
rectal examination and proctoscopy to identify the 
tumor distance from the anal verge. Some patients 
were treated with PCRT, with a median radiotherapy 
dose of 50.4 Gy and concurrent fluoropyrimidine-
based chemotherapy (mainly single-agent infusional 
5-fluorouracil or capecitabine). For patients treated 
with PCRT, operations were generally performed 6 
to 8 wk following the completion of PCRT using total 
mesorectal excision principles.

Standard pathologic tumor staging of the resected 
specimen was then performed. Postoperative follow-
up consisted of routine physical examination with 
carcinoembryonic antigen (CEA) measurement every 3 
to 6 mo, as well as colonoscopy every 2 to 3 years and 
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Table 1  Patient and tumor characteristics  n  (%)

cross-sectional imaging every 6 to 12 mo for 5 years.

Statistical analysis
To investigate the association of the metastatic LNR 
with oncologic outcome, categorization of LNRs was 
performed. A cut-off value of 0.25 was chosen to 
facilitate patient assignment to subgroups because 0.25 
represents the number of metastatic lymph node of 
pN1 category based on 12 LNs harvested, which are 
recommend by the current TNM staging system for 
proper staging.

Patients were then assigned to two groups based 
on their LNR: LNR1, less than or equal to 0.25; LNR2, 
greater than 0.25. Pathologic N category of TNM 
staging system was chosen for comparison of function 
as a prognostic predictor with the two LNR subgroups 
of patients.

Categorical data were summarized by frequency 
within each cohort, and comparisons were performed 
using the χ 2 test for proportions. A test for binary 
correlation was used to assess associations between 
selected polynomial categorical variables. For recurrence-
free survival (RFS) analysis, cases were identified as 
failures at the time of disease recurrence. RFS rates 
were determined for each LNR-based group using 
pT category and current TNM stage-based group. 
Cox proportional hazards regression analysis was 
performed for multivariate comparisons. P values less 
than 0.05 were considered statistically significant.

RESULTS
Patient population and tumor characteristics
A total of 256 patients who were treated with PCRT 
and 724 who were treated with upfront surgery 
for rectal cancer during the study period and had 
pathologically proven cancer with metastatic LNs 
(ypN+) were included. The median age was 55 years 
[interquartile range (IQR): 48-62 years)]. The median 
distance of the tumor from the anal verge was 5 cm 
(IQR: 4-7 cm). All patients underwent total mesorectal 
excision. A sphincter-saving procedure was performed 
in 777 patients (80.3%). Age, gender, and sphincter 
preservation rates did not differ between patients who 
underwent PCRT and those who did not. The number 
of harvested and metastatic LNs was significantly 
lower among patients treated with PCRT (Table 1).

There were 96 patients (39.5%) in the PCRT group 
and 153 patients (21.1%) in the -No PCRT group who 
had less than 12 LNs resected. Of the 724 patients in 
the No PCRT group, 445 (61.5%) were N1 and 279 
(38.5%) were N2. In the PCRT group, 181 (74.5%) 
were N1 and 62 (25.5%) were N2 (Table 1). The mean 
LNR was not different between the two groups.

Recurrence-free survival and prognostic factors for 
recurrence-free survival
The median follow-up duration was 40 mo (IQR: 
32-58 mo) for the entire cohort. Within the same ypN 
category, the 5-year RFS rate differed significantly 
according to the LNR group. By contrast, significant 
differences in ypN were not found within LNR groups 
(Table 2). RFS for each group according to the pN 
category and the LNR category was analyzed. Both 
pN category and LNR category showed stratification 
of RFS in the No PCRT group (Figure 1). In the PCRT 
group, however, RFS did not differ by the pN category. 
Only the LNR category showed stratification of RFS in 
the PCRT group (Figure 1).

Influence of the pN and the LNR category on RFS 
was evaluated according to the number of harvested 
LNs. In the No PCRT group, RFS differed according 
to both the pN and the LNR category regardless of 
whether 12 LNs were examined. For the PCRT group, 
RFS differed according to LNR when < 12 and ≥ 12 
LNs were harvested; in contrast, the pN category did 
not statistically significantly impact RFS irrespective of 
the number of harvested lymph node (Table 3).

Risk factors of recurrence-free survival: Prognostic 
implication of pN and LNR category
In univariate analysis, LNR category was associated 
with RFS in both the No PCRT and the PCRT group. pN 
category, however, was not associated with RFS in the 
PCRT group. Other factors related with RFS in the No 
PCRT group were location of tumor, lymphovascular 
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Non-PCRT, 
n  = 724

PCRT, 
n  = 243

P value

Age (mean ± SD) (yr)     54 ± 10.3   59.2 ± 11.3 < 0.001
   < 50 154 (21.3)   80 (32.9)
   50-65 346 (47.8) 130 (53.5) < 0.001
   > 65 224 (30.9)   33 (13.6)
Gender    0.005
   Male 434 (59.9) 148 (60.9)
   Female 290 (40.1)   95 (39.1)
Location1 < 0.001
   6-10 cm 474 (65.5) 100 (41.2)
   ≤ 5 cm 250 (34.5) 143 (58.8)
Sphincter preservation 600 (82.9) 177 (72.8) < 0.001
Among patients with low 
rectum

133 (53.2)   81 (56.6)    0.370

LNR2   0.25 ± 0.24 0.252 ± 0.19    0.170
Number of harvested LNs 18.2 ± 8.5 14.8 ± 7.1 < 0.001
< 12 LNs harvested 153 (21.1)   96 (39.5) < 0.001
Number of positive LNs 3.9 ± 3.7   2.8 ± 2.8 < 0.001
p/yp N category < 0.001
p/yp N1 445 (61.5) 181 (74.5)
p/yp N2 279 (38.5)   62 (25.5)
Follow-up duration, 
(Interquartile range) (mo)

60 (39-80) 56 (43-68)    0.540

1From the anal verge; 2Lymph node ratio.  PCRT: Preoperative 
chemoradiotherapy; LNR: Lymph node ratio; LNs: Lymph nodes.
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Table 3  Five-year recurrence-free survival stratified by lymph node ratio and pN-category according to the number of harvested 
lymph nodes

Table 2  Five-year recurrence-free survival for T-stage subgroups stratified by lymph node ratio and pN category

invasion, perineural invasion, and increased preo-
perative serum CEA (sCEA). In the PCRT group, 
perineural invasion was the only factor associated with 
RFS. In multivariate analysis, both the pN and the LNR 
category were confirmed as independent prognostic 
factors of RFS in the No PCRT group. However, in the 
PCRT group, only the LNR category was an independent 

prognostic factor showing stratification for RFS (Table 
4).

Prognostic groups combined with p/ypT category and 
LNR
We compared the 5-year RFS according to the current 
7th TNM stage (Figure 2). The current TNM stage could 
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No PCRT P value2 PCRT P value2

pN1 pN2 Overall pN1 pN2 Overall
LNR1 78.6% 60.1% 76.2% < 0.001 58.7% 42.0% 59.2% < 0.001
LNR2 59.5% 51.2% 52.9% 27.6% 38.1% 33.8%
Overall 76.3% 53.4% 54.3% 44.3%
P value1 < 0.001 < 0.262

1RFS according to the LNR; 2RFS according to pN category. PCRT: Preoperative chemoradiotherapy; LNR: Lymph node ratio; RFS: Recurrence-free survival.

Figure 1  Recurrence-free survival. A: pN category in the no PCRT group; B: LNR category in the No PCRT group; C: ypN category in the PCRT group; D: LNR 
category in the PCRT group. LNR represents prognostic groups in both the No PCRT and the PCRT group. Current ypN status failed to show stratification with 
advancement of ypN status. PCRT: Preoperative chemoradiotherapy; LNR: Lymph node ratio.

No PCRT PCRT

< 12 P value ≥ 12 P  value < 12 P value ≥ 12 P  value
p/yp N1 67.8% 0.01 79.2% < 0.001 43.8% 0.90 62.4% 0.080
p/yp N2 43.3% 55.0% 36.5% 47.2%
LNR1 74.2% 0.01 76.6% < 0.001 50.2% 0.05 63.0% 0.007
LNR2 51.3% 53.6% 31.9% 38.1%
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Table 4  Factors associated with recurrence-free survival: Multivariate analysis

not effectively represent prognostic groups among 
patients of the PCRT group. We further analyzed the 
5-year RFS considering the ypT and the LNR category 
and divided patients into three groups that showed 
statistical differences in RFS, R1 as ypT0-2 LNR1, R2 
as ypT3-4 LNR1 and ypT0-2 LNR2, and R3 as ypT3-4 
LNR2. These groups, which combined ypT and the LNR 
showed significant differences in 5-year RFS (Figure 
2) and effectively separated patients into prognostic 

groups. For the No PCRT group, the R group, which 
is based on LNR and pT category, also showed 
stratification of RFS. In contrast, in the PCRT group, 
the R groups, but not the current TNM subgroups, 
showed significant differences in RFS.

DISCUSSION
In the PCRT group, LNR was found to be the most 
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Factor No PCRT PCRT

HR 95%CI P  value HR 95%CI P  value
p/yp N category < 0.001 0.380
   N1 1.00 1.00
   N2 1.90 1.43-2.53 1.21 0.79-1.85
LNR category < 0.001 0.001
   LNR1 1.00 1.00
   LNR2 1.97 1.48-2.63 1.94 1.31-2.88
Lymphovascular invasion  0.34
   None 1.00 1.00 0.110
   Present 1.24 0.93-1.67 1.42 0.89-2.27
Perineural invasion  0.04 0.030
   None 1.00 1.00
   Undetermined 1.65 1.12-2.43 1.86 1.18-2.93
Location  0.02 0.040
   6-10 cm 1.00 1.00
   ≤ 5 cm 1.34 1.05-1.85 0.62 0.40-0.98
Preoperative CEA  0.02
   Normal 1.00
   Increased 1.46 1.07-1.98

PCRT: Preoperative chemoradiotherapy; LNR: Lymph node ratio; CEA: Carcinoembryoinc antigen.

Figure 2  Recurrence-free survival. A: TNM stage by the 7th AJCC cancer staging system in the No PCRT group; B: R stage combined with pT/LNR in the No PCRT 
group; C: TNM stage in the PCRT group; D: R stage using yp T/LNR in the PCRT group. ypT/LNR combined groups showed significant categorization of prognostic 
groups. PCRT: Preoperative chemoradiotherapy; LNR: Lymph node ratio.
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significant prognostic factor for RFS in the present 
study. However, pN category could not discriminate 
patients into prognostic groups. Indeed, the LNR was 
significant both in patients with more than 12 LNs as 
well as in patients with less than 12 LNs examined. 
Although the harvesting of more than 12 LNs is 
recommended for proper staging, the number of 
LNs that can be harvested decreases in rectal cancer 
patients who have undergone PCRT[16,18]. Therefore, it 
is questionable whether the same absolute number-
based staging system should be applied to all patients, 
including those with less than 12 retrieved LNs or 
patients who have been treated with PCRT. Based on 
the results of this study, the LNR could be applied to 
such patients as a prognostic predictor.

Patients within the same ypN category had a 
diverse distribution of the LNR. When patients within 
the same ypN category were stratified according to 
the LNR, there were significant differences in the 
5-year RFS between LNR groups. In contrast, patients 
within the same LNR group did not show significant 
differences in RFS according to ypN category, except 
for the LNR1 group. This suggests that patients within 
the same ypN category could be further divided into 
different prognostic groups according to the LNR which 
might be a more proper discriminating category.

The LNR was confirmed as the only independent 
prognostic factor for RFS in the PCRT group using 
multivariate analysis. These findings suggest that a 
ratio-based approach is a better predictor of RFS than 
absolute number-based LN staging in patients with 
stage Ⅲ rectal cancer treated with PCRT.

Invasion through the bowel wall is also an indepen-
dent high risk factor for recurrence and survival. We 
compared the 5-year RFS according to the current TNM 
stage and R group combined with the pT/ypT and the LNR 
category. The 5-year RFS significantly differed according 
to both TNM stage and the ypT/LNR-based R group in 
the No PCRT group. However, the current TNM stage 
could not show corresponding poor outcome according 
to advanced stage in the PCRT group. R groups, in 
comparison, showed better stratification for RFS in the 
PCRT group. The inherent value of any cancer staging 
system lies in its reproducibility and applicability to 
current methods of pathological assessment. As the 
stage Ⅲ patient group is defined by the identification 
and quantification of mesenteric nodes, accuracy of 
staging is directly proportional to nodal identification. 
Whereas examination of at least 12 LNs has been 
recommended for adequate determination of stage Ⅲ 
colorectal cancer, the finding of any nodal involvement, 
regardless of the number of nodes examined, is defined 
as stage Ⅲ disease. Therefore, a LNR was introduced 
to complement lymph node retrieval. In addition, the 
depth of invasion of tumor to bowel wall has to be 
considered alongside nodal status because nodal status 
was not the only determinant of pathologic stage. The 
present study compared RFS based on stage including 
the p/ypT category as well as the p/ypN category, and 

the LNR.
The results showed that the LNR-based category 

may be a useful prognostic factor accompanying p/yp 
T category. For patients in the PCRT group, LNR-based 
stage, but not the current TNM stage, was able to 
stratify patient for RFS.

This study has several limitations. Although the data 
were collected prospectively, the study was designed 
retrospectively, which may have introduced a selection 
bias. In addition, the prognostic significance of the 
LNR has been previously evaluated using different 
methodologies yielding varying results, particularly due 
to differences in the cut-off values used for grouping 
patients and heterogeneity of collected data[8-10,21-23] 
for colorectal cancer. For the practical use of the LNR 
as a prognostic variable, the most effective LNR cut-
off values need to be determined. Although many 
studies, including our study, demonstrated that the LNR 
was a significant prognostic factor, further larger-scale 
comprehensive studies are warranted to determine the 
LNR cut-off values for rectal cancer. However, in the 
present study, the ratio between the number of positive 
LNs(4) which is generated by dividing pN2 from pN1 
and the number of retrieved LNs(12) recommended for 
proper staging using the current staging system was 
used as a cut-off LNR value (0.25). Therefore, this LNR 
value is likely reasonable to compare the prognostic 
implication of p/yp N categories of the current TNM 
staging system with LNR-based categories.

Furthermore, studies regarding the LNR for rectal 
cancer patients treated with PCRT should be performed 
independently because PCRT influences LN status and 
significantly reduces the number of harvested LNs. 
Persistence of LN metastasis after PCRT may serve as 
a marker for a more aggressive biologic behavior of 
a tumor and the consequent need for more intensive 
postoperative treatment.

In conclusion, we found that the LNR was a more 
important prognostic factor for RFS in patients with 
lymph node metastasis after PCRT than those who did 
not undergo PCRT. Furthermore, absolute number-
based nodal staging could not adequately predict 
prognosis for patients treated with PCRT. In addition, 
the predictive ability of the LNR was maintained when 
less than 12 LNs were harvested. Combined with ypT 
status, the LNR could be used to assign patients to 
a prognostic group as an alternative to the current 
TNM staging system. A large-scale comparative study 
to confirm the prognostic impact of the LNR and to 
determine the optimal LNR cut-off value is required.

COMMENTS
Background
The number of metastatic lymph node could be various according how many 
lymph nodes (LNs) were examined. The current staging system using number 
of metastatic LNs as N category for colorectal cancer, therefore, has a limitation 
in terms of influence by number of harvested LNs. The metastatic LN ratio (LNR), 
defined as the ratio of metastatic to examined LNs, has been shown to be 
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useful in identifying prognostic subgroups for non-irradiated rectal cancer, colon 
cancer and other type of cancers. Preoperative chemoradiotherapy (PCRT) 
which is one of the standard treatment for locally advanced rectal cancer has 
been shown to influence on the number of retrieved lymph node. Therefore, the 
LNR may more useful for patients treated with PCRT. To evaluate the efficacy 
of LNR as a prognostic indicator in patient who receive PCRT, the present 
study compare oncologic outcomes according to current TNM stage and new 
classification using LNR among patients treated with PCRT and those without 
PCRT.
Research frontiers
Risk of recurrence was well stratified based on LNR in PCRT patients. In 
case of patients treated with PCRT, categories based on LNR had stronger 
association with recurrence-free survival. Future investigation is required to 
make staging system based on LNR and decide on clinical suitability of new 
staging system based on LNR in PCRT patients.
Innovations and breakthroughs
The current study shows the effectiveness of LNR to predict prognosis in 
patients who did not receive PCRT as well as those treated with PCRT. The 
present study gives importance of LNR on prognostication in PCRT than no-
PCRT setting and suggests new staging system based on LNR and ypT 
category to apply practically.
Applications
The LNR-based category of patients with advanced rectal cancer treated by 
PCRT can be used to predict oncologic outcome. It is more accurate than 
LN number based staging system for prognostication. Adjuvant treatment 
and surveillance need to be given based on prognostic implication based 
on pathologic stage and LNR may have a role in case under-staging was 
suspicious based on current pathologic staging system.
Peer-review
This article is very important because it underlines the impact of neoadjuvant 
radiochemotherapy of rectal cancer and moreover can predict recurrence free 
survival. It would be useful to check these patients data according to tumor 
regression grade as well.
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Abstract
AIM: To evaluate the outcome of anti-tumor necrosis 
factor alpha (anti-TNFα) therapy in outpatients with 
ulcerative colitis at a tertiary referral center.

METHODS: All patients with a confirmed diagnosis 
of ulcerative colitis undergoing therapy with infliximab 
and/or adalimumab at the outpatient clinic for 
inflammatory bowel diseases at the University Hospital 
Heidelberg between January 2011 and February 2014 
were retrospectively enrolled. Patients with a follow-
up period of less than 6 mo from start of anti-TNFα 
therapy were excluded. Medical records of all eligible 
individuals were carefully reviewed. Steroid-free clinical 
remission of a duration of at least 3 mo, colectomy 
rate, duration of anti-TNFα therapy, need for anti-TNFα 
dose escalation, and the occurrence of adverse events 
were evaluated as the main outcome parameters.

RESULTS: Seventy-two patients were included (35 
treated with infliximab, 17 with adalimumab, 20 with 
both consecutively). Median follow-up was 27 mo 
(range: 6-87 mo). Steroid-free clinical remission was 
achieved by 22.2% of the patients (median duration: 
21 mo until end of follow-up; range: 3-66 mo). Patients 
attaining steroid-free clinical remission displayed lower 
hemoglobin and albumin blood levels at the start of 
treatment than those who did not achieve remission. 
The overall colectomy rate was 20.8%. Nearly 50% 
of the patients underwent anti-TNFα dose escalation 
during the follow-up period. For both the infliximab 
and the adalimumab treated patients, non-response to 
anti-TNFα therapy was the major reason for treatment 
discontinuation. 18.2% of the infliximab-treated 
patients and 13.5% of the adalimumab-treated patients 
had to discontinue their therapy due to adverse events. 

CONCLUSION: Real-life remission rates of ulcerative 
colitis under anti-TNFα are overall low, but some 
patients have a clear long-term benefit.

Key words: Inflammatory bowel disease; Tumor necrosis 
factor α inhibitors; Ulcerative colitis; Outcome; Real life
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Core tip: Tumor necrosis factor alpha inhibitors are a 
widely accepted therapeutic option for the treatment of 
ulcerative colitis. Results from different real-life settings 
on their use in ulcerative colitis are controversial. 
Weighing anti tumor necrosis factor alpha against other 
treatment options, it is very important to decide on 
the best therapy for a patient. This retrospective study 
from a tertiary referral centre shows a rate of steroid-
free clinical remission of 22.2% and a colectomy rate 
of 20.8% for ambulatory patients with ulcerative 
colitis under therapy with tumor necrosis factor alpha 
inhibitors. These rather disappointing outcomes should 
be thoroughly discussed with the patients before start 
of therapy.

Baki E, Zwickel P, Zawierucha A, Ehehalt R, Gotthardt D, 
Stremmel W, Gauss A. Real-life outcome of anti-tumor necrosis 
factor α in the ambulatory treatment of ulcerative colitis. World 
J Gastroenterol 2015; 21(11): 3282-3290  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v21/i11/3282.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v21.i11.3282

INTRODUCTION
Despite considerable progress over the past decades, 
treatment options for ulcerative colitis (UC) are still 
unsatisfactory. Realistically attainable remission rates 
are far below the goals set, and long-term remission 
remains elusive. The introduction of tumor necrosis 
factor alpha (TNFα) inhibitors into the therapy of Crohn’s 
disease revolutionized its treatment[1-5]. Infliximab (IFX) 
and adalimumab (ADA) were the first anti-TNFα agents 
to be also approved for induction and maintenance 
of remission in UC[6,7]. The ACT-1 and ACT-2 studies 
evaluated the efficacy of IFX for induction and 
maintenance therapy in adults with UC[6]. Remission 
rates at week 8 were at 38.8% in ACT-1 and 33.9% 
in ACT-2[6]. Rates of sustained remission (at week 8 
and week 30) were even lower at 26.2% (ACT-1) and 
22.5% (ACT-2)[6]. Results of the phase Ⅲ trials of ADA 
were slightly less promising: at week 8, 18.5% of the 
patients in the high-dose group were in remission, 
compared with 9.2% in the placebo group[7]. The 
recently approved TNFα inhibitor golimumab was also 
shown to induce and maintain clinical remission in 
patients with moderate-to-severe UC[8,9].

Post-marketing experience reveals inconsistent 
results. Armuzzi et al[10] found remission rates of 17%, 
28.4%, 36.4% and 43.2% at 4, 12, 24 and 54 wk in 
88 patients treated with ADA for active UC. Considering 
that many of their patients had previously been treated 
with IFX, these results compare favorably to the phase 
Ⅲ data cited above[7]. In their retrospective study, 
Zhou et al[11] described a remarkably high remission 
rate of 61.5% by week 30 of IFX treatment, but only 

24 patients were included in their study. There are 
no head-to-head clinical trials that compare IFX with 
ADA in the treatment of UC. However, a recent meta-
analysis suggests that IFX, ADA and golimumab are 
equally effective[12].

Although randomized controlled trials (RCTs) are 
considered the gold standard for the evaluation of the 
efficacy of a drug, real-life data provide more insight 
into factors that might influence therapy outcomes. 
Therefore, this study was aimed at evaluating firm 
practical end points of therapy outcomes with TNFα 
antagonists in a real-life setting, and to identify factors 
influencing the efficacy of the treatment. It was not 
the objective of this study to compare outcomes of IFX 
therapy with those of ADA therapy.

MATERIALS AND METHODS
Study design and data collection
This is an uncontrolled, open-label retrospective 
study of outpatients with moderate or severe UC at 
a German university hospital serving as a tertiary 
referral center for the treatment of inflammatory bowel 
diseases (IBD). The study was approved by the Ethics 
Committee of the University of Heidelberg. Inclusion 
criteria were: a confirmed diagnosis of UC (based 
on the European Crohn’s and Colitis Organisation 
criteria[13]); treatment with IFX or ADA or both 
consecutively; and a documented follow-up after start 
of treatment of at least 6 mo.

Patients who changed to the outpatient IBD clinic 
of the University of Heidelberg after they had started 
anti-TNFα treatment, patients who had previously 
undergone intestinal surgery, and patients with acute 
severe colitis were excluded. All data were retrieved 
from entirely computerized medical records. To identify 
eligible individuals, electronically available daily lists 
of all patients treated in the outpatient IBD clinic 
between January 1, 2011 and February 28, 2014 
were screened. Patients who had started anti-TNFα 
treatment at our outpatient clinic prior to January 1, 
2011, but were treated within the time frame of the 
study, were also included. Demographic and clinical 
parameters of all eligible individuals were entered into 
a Microsoft Excel spreadsheet. At the IBD outpatient 
unit, patients under anti-TNFα therapy are routinely 
examined by a gastroenterologist 6 and 12 wk after 
the start of therapy, and every 3 mo thereafter. IFX 
was delivered via intravenous (IV) infusions (5 mg/kg 
body weight) at weeks 0, 2 and 6. After that, patients 
received scheduled infusions (5 mg/kg body weight) 
every 8 wk, if no dose intensification was deemed 
necessary. ADA was delivered by subcutaneous 
injections of 80 mg at days 1, 2 and 14, and then 40 mg 
every other week as long as no dose escalation was 
required. In this study, blood concentrations of IFX and 
ADA and anti drug antibodies were not measured, so 
that decisions on dose escalation were mainly based 
on the patients’ symptoms.
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Definitions
The Montréal classification for UC was applied to 
categorize disease extent[14]. Steroid-free clinical 
remission was defined by the absence of diarrhea 
(≥ 4 bowel movements per day), bloody stools 
and abdominal pain without intake of steroids for at 
least 3 mo, as evaluated by the treating physician. 
In our study, response was not employed as an 
outcome parameter, as variables for the calculation 
of reliable disease activity scores had not been 
documented precisely enough in our sample of 
patients. The decision to discontinue therapy due 
to inadequate response was in all cases made by a 
senior gastroenterologist. Dose escalation of anti-
TNFα therapy involved a reduction of the IFX dosing 
interval to at least 4 wk and/or an increase of the 
dose to at most 10 mg/kg body weight. For ADA, dose 
escalation meant shortening of the dosing interval to 
at least 7 d. The decision on dose intensification was 
left to the treating physician’s judgment. Primary non-
response was defined as absence of amelioration of 
UC symptoms up to 3 mo of treatment. Concomitant 
immunosuppressive treatment was considered if a 
patient was on immunomodulators for at least 3 mo 
after start of anti-TNFα therapy.

End points
The primary end point was the induction of steroid-free 
clinical remission under anti-TNFα therapy. Secondary 
end points were the need for colectomy within the 
follow-up period, discontinuation of therapy due to 
insufficient efficacy, discontinuation of treatment due to 
adverse events, and need for dose escalation according 
to the treating physician’s judgment. Patients were not 
followed up if they left the outpatient clinic to change 
to a different treatment center or practice. Therefore, 
colectomy rates could only be calculated for the time 
that the patients stayed at our outpatient clinic.

Further information retrieved from the electronic 
patient charts comprised gender, age, disease duration, 
body mass index (BMI), family history of IBD, presence 
of extraintestinal manifestations, smoking habits, prior 
and concomitant medications, side effects under anti-
TNFα therapy, and laboratory markers before and after 
start of therapy, including blood cell counts, plasma 
ferritin, C-reactive protein (CRP) and serum albumin 
levels.

Evaluation of disease activity
As this is a retrospective study, disease activity scores 
were not consistently available. As a surrogate, we 
analyzed single variables which occur in commonly 
used UC activity scores, and which were routinely 
asked by the treating physician and documented in the 
computerized charts. These included numbers of bowel 
movements per 24 h and the occurrence of bloody 
stools. They were evaluated at the start of treatment 
and 3 mo after the start of treatment.

Statistical analysis
The objective of the study was to assess anti-TNFα in 
the treatment of UC, not to compare IFX with ADA. 
Analyses were performed per patient for outcome 
parameters like remission and need for colectomy, 
because one individual cannot appear twice in outcome 
analysis. Other parameters - like the occurrence of 
adverse events - were analyzed per therapy. Patients 
who had received IFX and ADA in either order were 
additionally evaluated in a separate section. All 
statistical analyses were performed using IBM SPSS 
Statistics 21.0. Descriptive statistics were calculated 
as percentages for discrete variables, and presented 
as medians with ranges, as appropriate. To identify 
potential predictors of steroid-free clinical remission, 
the Mann-Whitney-test was used for ordinal variables, 
and χ 2 tests for categorical variables. Wilcoxon 
matched pairs signed rank test was used to compare 
disease activity markers (except for the occurrence 
of bloody stools) before and after the start of anti-
TNFα therapy. McNemar’s test was used to compare 
the number of patients reporting the occurrence of 
blood in stool before and after the start of anti-TNFα 
therapy. Statistical significance was set at the 95%CI 
(P < 0.05). To confirm predictors of steroid-free clinical 
remission, a multivariate, logistic regression analysis 
was performed. Kaplan-Meier estimator equations 
were used to compare the survival curves of treatment 
duration.

RESULTS
Patient demographics and clinical characteristics
In all, 72 patients were enrolled. Thirty-five patients 
received IFX, 17 underwent treatment with ADA, and 
20 patients were on both medications consecutively 
(15 IFX first, 5 ADA first). The median follow-
up time was 27 mo (range, 6-87 mo). All patient 
demographics and clinical baseline characteristics 
may be viewed in Table 1.

Prior and concomitant medications
Before starting their first anti-TNFα therapy, 66 (91.7%) 
of the 72 patients had been on oral 5-aminosalicylic 
acid (5-ASA), 21 (29.2%) on oral budesonide, 70 
(97.2%) on oral cortisone, 55 (76.4%) on azathioprine 
(AZA), 3 (4.2%) on 6-mercaptopurine (6-MP), 
12 (16.7%) on methotrexate (MTX), 4 (5.6%) on 
tacrolimus, and 4 (5.6%) on cyclosporine. These 
and the medications concomitant with IFX and ADA 
treatment are shown in Table 1.

Steroid-free clinical remission under anti-TNFα therapy
Sixteen patients (22.2%) attained steroid-free clinical 
remission. Seventy-five percent of these patients 
were on IFX and 25% were on ADA. The median time 
to steroid-free clinical remission was 3 mo (range: 
1-10 mo). The duration of steroid-free remission was 
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could be maintained for more than one year, in 56.3% 
for more than 2 years, and in 37.5% for more than 3 
years. The rate of steroid-free clinical remission was 
not related to: patient age at the start of treatment; 
gender; disease extent according to the Montréal 
classification; disease duration; the presence of 
extraintestinal manifestations; smoking status; BMI; 
family history of IBD; previous treatment with purines, 
methotrexate or a calcineurin inhibitor; or concomitant 
therapy with steroids, purines, or 5-ASA (Table 2). 
Patients with higher plasma CRP concentrations 
before treatment tended to achieve steroid-free 
remission more often than those with lower plasma 
CRP concentrations (P = 0.104; Table 2). Leukocyte 
and platelet numbers, and plasma ferritin levels at 
start of treatment did not differ between the remission 
and the non-remission group. Patients with lower 
hemoglobin concentrations at the start of treatment 
achieved remission more frequently than those with 
higher hemoglobin concentrations (P = 0.023; Table 2). 
Steroid-free clinical remission was more often induced 
in patients with lower serum albumin levels at the start 
of treatment than in those with higher albumin levels (P 
= 0.009; Table 2).

Colectomy rate during the follow-up period
During the period that the patients were observed at 
our clinic, 15 (20.8%) patients underwent colectomy, 
all due to refractory UC. There were no emergency 
colectomies. Seven of these patients had been on 
therapy with IFX alone and eight with subsequent 
IFX/ADA or ADA/IFX prior to colectomy. The median 
duration of anti-TNFα therapy before surgery was 9 
mo (range: 2-44 mo). Among the patients undergoing 
colectomy, nine were male and six were female. Their 
median age was 33 years (range: 19-72 years).

Disease activity under anti-TNFα treatment
While under both IFX and ADA treatment, surrogates 
of disease activity changed to the expected directions, 
the changes were in all small. The only significant 
differences were realized for the number of bowel 
movements per 24 h as well as leukocyte numbers in 
the IFX-treated patients, and platelet numbers in the 
IFX- and the ADA-treated patients (Table 3).

Anti-TNFα treatment duration
At month 6, 67.3% of the patients receiving IFX were 
still under treatment, at month 12, 50.5% continued 
their treatment. Of the patients under ADA therapy, 
64.9% were still receiving treatment at month 6, and 
47.9% at month 12 (Figure 1).

Indications for anti-TNFα treatment discontinuation
The reasons for discontinuation of anti-TNFα treatment 
were grouped into five categories: non-response; 
loss of response; adverse events; treatment pause in 
stable remission; or other. Of the 55 patients receiving 

21 mo (range: 3-66 mo). The median follow-up of 
the patients attaining remission was 24 mo (range: 
6-69 mo). Eleven of the 16 patients (68.8%) were on 
additional anti-inflammatory or immunosuppressive 
medications when they reached remission: 68.8% 
took a 5-ASA preparation and 18.8% were on AZA. 
Eleven of the 16 patients (68.8%) were still treated at 
our outpatient clinic and in remission at the end of the 
follow-up period. In 81.3% of all patients achieving 
remission, the status of steroid-free clinical remission 
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Table 1  Demographic and clinical baseline characteristics of 
all 72 patients included in the study  n  (%)

Characteristic

Anti-TNFα therapy
   IFX only 35 (48.6)
   ADA only 17 (23.6)
   IFX and ADA 15 (20.8)
   ADA and IFX 5 (6.9)
Demographic characteristics
   Gender (female:male) 39: 33
   Age at start of treatment (median; range) (yr)   33 (15-71)
   Disease extent according to Montréal 
   classification, n (E1:E2:E3)

5:32:35

Duration of disease at start of anti-TNFα 
therapy, median (range) (mo)

69.5 (2-480)

Presence of at least one extraintestinal 
manifestation

30 (41.7)

Smoking status, n (active smokers:non-smokers:
ex-smokers)

6:54:5 (n = 65)

BMI, median (range) (kg/m2) 24.1 (17.3-61.9) (n = 69)
Family history of IBD (n positive: n negative) 5:18 (n = 23)
History of colitis medication prior to start of 
anti-TNFα treatment
   Steroids 70 (97.2)
   Oral budesonide 21 (29.2)
   5-ASA 66 (91.7)
   Azathioprine 55 (76.4)
   6-Mercaptopurine 3 (4.2)
   Methotrexate 12 (16.7)
   Tacrolimus 4 (5.6)
   Cyclosporine 4 (5.6)
Medications concomitant with IFX therapy at 
start of therapy (n = 55)
   Steroids 37 (67.3)
   Oral budesonide 16 (29.1)
   5-ASA 35 (63.6)
   Azathioprine 16 (29.1)
   6-Mercaptopurine 1 (1.8)
   Methotrexate 3 (5.5)
   Tacrolimus 1 (1.8)
   Cyclosporine 0
Medications concomitant with ADA therapy at 
start of therapy (n = 37)
   Steroids 25 (67.6)
   Oral budesonide 10 (27.0)
   5-ASA 28 (75.7)
   Azathioprine 11 (29.7)
   6-Mercaptopurine 0 (0)
   Methotrexate    1 (2.7)
   Tacrolimus 0 (0)
   Cyclosporine 0 (0)

ADA: Adalimumab; 5-ASA: 5-Aminosalicylic acid; BMI: Body mass index; 
IBD: Inflammatory bowel disease; IFX: Infliximab, TNFα: Tumor necrosis 
factor alpha.
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IFX (including those who had previously been on 
ADA), 39 (70.9%) discontinued their therapy during 
the follow-up period after a treatment duration of 
8 mo (range: 0.5-44 mo). The reasons were: non-
response in 16 patients (41%); loss of response in 12 
(30.8%); adverse events in 10 (25.6%); and stable 
deep remission in one patient (2.6%). Among the 37 
patients on ADA (including those who had previously 
been on IFX), 25 (67.6%) discontinued their therapy 
after a median treatment duration of 6 mo (range: 1-29 
mo). Reasons for discontinuation of treatment with 
ADA were: non-response in 14 patients (56%), loss 
of response in 5 patients (20%), adverse events in 5 
patients (20%), and pregnancy in one patient (4%). 

Steroid withdrawal during anti-TNFα treatment
Among 53 patients who were on steroids at the start 
of treatment with at least one of the anti-TNFα agents, 

23 (43.4%) were able to taper off their steroids 
completely during anti-TNFα treatment. Of these 23 
patients, 14 (60.9%) were successful in tapering under 
IFX treatment, and 9 (39.1%) under ADA treatment.

Anti-TNFα dose escalation (therapy intensification)
Under the assessment of the treating physician, 
the doses of 26 of all 54 IFX therapies (48.1%; 
no sufficient information on dose escalation in one 
patient) were escalated after a median treatment 
duration of 5 mo (range: 1-26 mo), and in 17 of all 
37 ADA therapies (45.9%) after a median treatment 
duration of 4 mo (range: 1-12 mo).

Safety and tolerability of anti-TNFα treatment
Among 55 patients who underwent therapy with IFX, 
39 patients (70.9%) reported at least one side effect 
during the treatment. The most frequently observed 
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Table 2  Characteristics of patients who achieved steroid-free clinical remission under anti-tumor necrosis factor alpha treatment and 
of patients who did not achieve remission

Variable remission (n  = 16) no remission (n  = 56) P  value (univariate) P  value (multivariate)

Age, (yr) 32 (15-58) 34 (18-71) 0.755 0.685
Sex (female: male) 11:5 28:28 0.184 0.560
Disease extent according to Montréal (E1:E2:E3) 1:7:8 4:25:27 0.988
Disease duration, (mo) 69.5 (7-288) 66 (2-480) 0.968 0.873
Patients with extraintestinal manifestations 6 (37.5) 24 (42.9) 0.338
Smoking (active:non-smokers: ex-smokers) 2:9:2 (n = 13) 4:45:3 (n = 52) 0.318
BMI, (kg/m2) 23.9 (18.9-30.8) 24.2 (17.3-61.9) (n = 53) 0.654 0.546
Previous medications
Purine analogons 14 (87.5) 42 (75.0) 0.289
Methotrexate 4 (25.0) 8 (14.3) 0.310
Calcineurin inhibitors 2 (12.5) 5 (8.9) 0.671
Concomitant medications
Steroids, (at start of treatment) 12 (75.0) 40 (71.4) 0.778
5-ASA 12 (75.0) 40 (71.4) 0.778
Purine analogons 4 (25.0) 20 (35.7) 0.423
Laboratory parameters before start of treatment with anti-
TNFα
   CrP, (mg/L) 7.9 (0-45.3) (n = 14) 3.1 (0-88.9) (n = 55) 0.104
   Leukocyte number, (G/L) 8.8 (3.6-16.6) (n = 14) 8.8 (2.7-22.0) (n = 55) 0.817
   Hemoglobin, (g/dl) 11.3 (8.3-13.9) (n = 14) 12.4 (9.0-17.0) (n = 55) 0.023 0.561
   MCV, (fl) 82.5 (65-105) (n = 14) 87 (61-112) (n = 55) 0.374
   Platelet number, (G/L) 408 (233-666) (n = 14) 333 (150-850) (n = 55) 0.114
   Albumin concentration, (g/L) 41.5 (26.6-45.1) (n = 9) 43.9 (36.0-48.8) (n = 44) 0.009 0.034
   Ferritin concentration, (µg/L) 17 (2-201) (n = 8) 27.5 (5-489) (n = 34) 0.223

Data are expressed as n (%) or median (range). 5-ASA: 5-Aminosalicylic acid; BMI: Body mass index, CrP: C-reactive protein (normal: < 5 mg/L); MCV: 
Mean cell volume.

Table 3  Surrogates of disease activity before and 3 mo after start of infliximab or adalimumab therapy, median (range)

Variable Before start of therapy 3 mo after start of therapy P  value

IFX ADA IFX ADA IFX ADA

Number of bowel movements per 24 h    6 (1-30) 6 (1-17)  5 (1-40)  5 (1-20) 0.042 0.229
Occurrence of blood in stool (yes/no) (%) 32/47 (68) 23/36 (63.9) 29/50 (58) 19/35 (54.3) 0.678 0.453
CRP, (mg/L) 4.9 (0-51) 3.6 (0-122) 2.9 (0-312) 3.6 (0-145) 0.310 0.435
Leukocyte number (G/L)       9.4 (2.7-17.6)  7.7 (2.5-22)     7.4 (2.2-22.9)     7.3 (3.9-15.4) 0.037 0.524
Platelet number (G/L)      338 (150-879)    335 (194-850)    307 (166-758)    298 (170-787) 0.005 0.007
Hemoglobin (g/dL)     12.2 (8.3-15.9) 12.4 (8.1-17)   12.7 (8.5-15.9)   12.9 (6.4-16.4) 0.084 0.501

ADA: Adalimumab; IFX: Infliximab; CrP: C-reactive protein (normal: < 5 mg/L).
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side effects were fatigue (reported in 23.6%), a 
rash (reported in 23.6%), pruritus (20%), and 
arthralgias which had not been present before start of 
therapy (20%). One patient developed acute bullous 
dermatosis (linear IgA dermatosis) after his third IFX 
infusion, and one patient without previous neurological 
disease suffered an epileptic seizure after his first IFX 
infusion. Finally, one patient experienced Varizella 
Zoster Virus (VZV) reactivation under IFX therapy. 
Side effects under IFX treatment may be viewed in 
Figure 2A. Ten patients (18.2%) had to discontinue IFX 
treatment under the advice of the treating physician 
due to severe side effects (Table 4 for individual 
reasons). Among 37 ADA-treated patients (partly 
overlapping with the IFX-treated group), 25 (67.6%) 
developed at least one relevant adverse event (Figure 
2B). The most frequently reported side effect was a 
rash (21.6%). All side effects may be viewed in Figure 
2B. Five patients (13.5%) had to discontinue ADA 
therapy due to adverse events (Table 4 for individual 
reasons).

Patients switching between TNFα inhibitors
Among the 72 patients in this study, 20 received both 
IFX and ADA consecutively; 15 were on IFX first, 
and five were on ADA first. Nine patients changed 
the anti-TNFα agent due to primary non-response, 
while four switched agents after a secondary loss of 
response and six due to side effects induced by the 
first TNFα inhibitor they used. One patient stopped IFX 
therapy as he had attained remission, and started ADA 
treatment after an interval of no anti-TNFα therapy. 
Three of six patients who switched due to side effects 
experienced allergic reactions to IFX, two switched 
due to IFX-induced arthralgia, and one switched from 
ADA to IFX due to ADA-induced hepatitis. Two of the 
six patients who switched therapy due to side effects 
achieved remission on the second anti-TNFα antibody, 
while none of the 13 patients who had switched the 

TNFα antibody for non-response or secondary loss of 
response achieved remission on the second antibody. 
This means that the group switching due to side 
effects reached remission significantly more often than 
the group switching due to non-response or secondary 
loss of response (P = 0.028).

DISCUSSION
Although a considerable number of UC patients are 
currently treated with TNFα inhibitors, the number of 
published reports on real-life experience using anti-
TNFα agents to treat UC is relatively low[10,11,15-19].

Our study suggests that the clinical outcome 
of anti-TNFα treatment for UC in a real-life setting 
at a tertiary referral center is rather disappointing. 
However, interpretation of our results should take into 
consideration that patients transferred to a tertiary 
referral center usually suffer from refractory colitis 
that was not manageable using corticosteroid or 
immunomodulator treatment. As a matter of course, 
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Figure 1  Cumulative probability of continuing infliximab or adalimumab 
therapy during follow-up. The dashes represent patients who remained on 
therapy during the follow-up and mark their individual end of follow-up. IFX: 
Infliximab; ADA: Adalimumab.
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Figure 2  Side effects of infliximab treatment (A) and adalimumab 
treatment (B).
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clinical trials also include individuals with refractory 
disease, but they carry the bias of strict inclusion 
criteria and select patients who are more likely to be 
motivated and compliant.

The rate of steroid-free clinical remission under 
anti-TNFα treatment in this real-life study was only 
22.2%. Comparing our results with those of RCTs is 
difficult, as definitions and time points vary greatly in 
different studies. In the ACT study by Rutgeerts et al[6] 
the clinical remission rate at week 54 of IFX treatment 
was 34.7%, and in the ULTRA-2 study, the one year 
remission rate of ADA-treated patients was 22%[20]. 
Our rate of overall steroid-free clinical remission under 
anti-TNFα therapy is comparable to the latter.

Our data stand in sharp contrast to data from 
an otherwise comparable real-life observational 
study from Canada that included 53 UC patients[17]. 
Responses to induction therapy were 96.4% for 
IFX and 80% for ADA (P = 0.089). However, these 
data cannot be readily compared with ours, as our 
end point of steroid-free clinical remission was more 
rigorous than an end point of response. Yet, in our 
study, the overall reduction of the number of bowel 
movements, bloody stools and biochemical parameters 
of inflammation under anti-TNFα treatment was 
remarkably poor. However, our results should not be 
interpreted too negatively, as most of the patients 
who achieved remission had a clear benefit from the 
treatment with remission times up to 69 mo.

Another objective of our study was to examine 
whether there are potential factors influencing the 
response to anti-TNFα therapy in UC patients. It has 
been shown previously that outcomes under anti-TNFα 
therapy may be more favorable in patients with no 
prior use of immunosuppressants[10]. In our study, with 

steroid-free clinical remission as the primary end point, 
we could not confirm this relationship. Surprisingly, we 
found that patients with lower hemoglobin and serum 
albumin concentrations at the start of treatment had 
a greater chance of achieving steroid-free clinical 
remission than those with higher concentrations. These 
results are in contrast to those of Oussalah et al[18] 
who found that one of the predictors for primary non-
response to anti-TNFα in UC was a hemoglobin level of 
less than 9.4 g/dL before treatment. It seems logical 
that anti-TNFα therapy might be more successful 
in patients with more severe inflammation, thus 
expressing more anti-TNFα in their intestinal mucosa, 
but patients with very low hemoglobin levels might 
have too severe disease to respond to therapy. It is 
also known that very low levels of plasma albumin can 
impair the efficacy of anti-TNFα treatment[21], yet our 
ambulatory patients did not display very low albumin 
concentrations.

In the period of this study, 20.8% of our patients 
required colectomy because of non-response to 
therapy. In the literature, colectomy rates for UC 
vary between 9% and 35% and thus correspond to 
our numbers[6]. However, the colectomy rate might 
not be a reliable outcome parameter in our study, as 
patients whose therapies failed sometimes changed to 
a different center or doctor or alternative treatment to 
avoid surgery. These patients were lost to our follow-
up. This is why real colectomy rates may be higher 
than the ones found in this study.

Another important result of this study is that, in 
our cohort, no patient who switched from one TNFα 
antagonist to the other for primary non-response or 
loss of efficacy had a therapeutic benefit from the 
second TNFα inhibitor.

In our cohort, adverse events under anti-TNFα 
therapy were frequent (in 70.9% of IFX-treated 
patients and 67.6% of ADA-treated patients). 
Comparable numbers have been reported in large 
RCTs. In the ACT study, 87.6% of the patients treated 
with an IFX dose of 5 mg/kg body weight and 91% 
of the patients treated with a dose of 10 mg/kg body 
weight developed side effects[6]. In the ULTRA-1 
study, about 50% of the patients treated with ADA 
experienced side effects[7]. As expected, due to the 
higher immunogenicity of IFX as compared with ADA, 
allergic reactions were observed more often in IFX-
treated patients than in ADA-treated patients.

In our study, 18.2% of the IFX-treated patients and 
13.5% of the ADA-treated patients had to discontinue 
their therapy due to severe side effects. This difference 
between the two medications may be explained by the 
relatively high number of severe allergic reactions - 
often manifesting as anaphylaxis - in the IFX-treated 
group.

There are several interesting individual findings in 
this study concerning potential anti-TNFα side effects. 
One of our male patients developed drug-induced 
linear IgA dermatosis with a clear temporal relationship 
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Table 4  Adverse events necessitating discontinuation of 
infliximab therapy and adalimumab therapy

Adverse events necessitating discontinuation of infliximab therapy
   Severe non-preexisting arthralgia with high anti-IFX antibody titer 
   IFX-induced linear IgA dermatosis after 3rd infusion
   Epileptic seizure (first event) directly after start of 1st infusion
   IFX-induced hepatitis
   Severe non-preexisting arthralgia
   Severe anaphylactic reaction
   Severe anaphylactic reaction
   Allergic reaction after 19 mo of therapy
   Severe non-preexistent myalgia and arthralgia
   Severe anaphylactic reaction
Adverse events necessitating discontinuation of adalimumab therapy
   Generalized pruritus and exanthema, classified as allergic reaction
   ADA-induced hepatitis
   Acute absceding pyelonephritis
   EBV-associated B-cell Hodgkin lymphoma, nodular-sclerosing type, 
   stadium ⅢB1

   Frequent infections, especially of the upper respiratory tract

1The patient had been under therapy with azathioprine for one year, 
subsequently with IFX for 19 mo, and then after a pause with ADA for 
6 mo. IgA: Immunoglobulin A; ADA: Adalimumab; EBV: Epstein-Barr 
virus; IFX: Infliximab.
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to IFX therapy. After discontinuation of treatment, the 
disease only healed using high doses of steroids plus 
diamino-diphenyl sulfone (dapsone) for a long time 
period. To our knowledge, this is the first report on 
such a case in the literature. In addition, there was 
one case of a very young male who developed EBV-
positive B cell Hodgkin lymphoma while under ADA 
treatment after consecutive therapies with AZA and 
IFX. The effect of immunosuppressive drugs on the 
risk of lymphoma remains a matter of debate[22]. Data 
from patients with rheumatoid arthritis suggest an 
increased incidence of malignancy in patients with 
rheumatoid arthritis treated with TNFα antibodies, 
with a disproportionate representation by lymphoma, 
but mainly Non-Hodgkin lymphoma[23]. Some authors 
suggest that AZA therapy is more detrimental than 
anti-TNFα therapy regarding the development of 
malignancies and especially lymphomas[24,25]. In our 
case, it cannot be proven whether anti-TNFα therapy 
was responsible for the development of lymphoma, or 
whether AZA, or the subsequent immunosuppressive 
therapy - or none of the treatments - were. Yet this 
case should remind us of this potential life-threatening 
complication when starting a patient on anti-TNFα 
therapy, especially if he or she is EBV positive. 

Overall, IFX and ADA can be considered as effective 
treatment options for UC, but only in about a fifth of all 
patients. Those patients who achieve clinical remission 
mostly have a long-term benefit from the therapy. 
However, as remission rates are still low, patients 
should be made aware of the expected success 
rates and be offered alternative therapies, such as 
proctocolectomy. Furthermore, our data suggest that 
switching anti-TNFα agents for UC for lack of response 
is no viable option to improve response to therapy.
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Abstract
AIM: To investigate the relationship between the iron-
metabolism-related gene expression profiles and efficacy 
of antiviral therapy in chronic hepatitis C patients.

METHODS: The hepatic expression profile of iron-
metabolism-related genes was analyzed and its association 
with virological response to pegylated-interferon plus 
ribavirin combination therapy was evaluated. A hundred 
patients with chronic hepatitis C (genotype1b, n = 50; 
genotype 2, n = 50) were enrolled and retrospectively 
analyzed. Liver biopsy samples were subjected to 
quantitative polymerase chain reaction for iron-metabolism-
related genes and protein expression (Western blotting 
analysis) for ferroportin. As a control, normal liver tissue was 
obtained from 18 living donors of liver transplantation. 
Serum hepcidin level was measured by sensitive liquid 
chromatography/electrospray ionization tandem mass 
spectrometry.

RESULTS: Iron overload is associated with liver damage 
by increasing oxidative stress and hepatitis C virus (HCV) 
is reported to induce iron accumulation in hepatocytes 
in vivo . Conversely, iron administration suppresses HCV 
replication in vitro . Therefore, the association between 
HCV infection and iron metabolism remains unclear. 
Compared with controls, patients had significantly 
higher gene expression for transferrin, iron-regulatory 
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proteins 1 and 2, divalent metal transporter 1, and 
ferroportin, but similar for transferrin receptors 1 and 
2, and hepcidin. When the expression profiles were 
compared between sustained virological response (SVR) 
and non-SVR patients, the former showed significantly 
lower transcription and protein expression of hepcidin 
and ferroportin. Expression of hepcidin-regulating genes, 
BMPR1, BMPR2, and hemojuvelin, was significantly 
increased, whereas BMP2 was decreased in HCV-infected 
liver. BMPR2 and hemojuvelin expression was significantly 
lower in the SVR than non-SVR group. HCV infection 
affects the expression of iron-metabolism-related genes, 
leading to iron accumulation in hepatocytes.

CONCLUSION: Decreased expression of hepcidin and 
ferroportin in SVR patients indicates the importance 
of hepatocytic iron retention for viral response during 
pegylated-interferon plus ribavirin treatment.

Key words: Chronic hepatitis C; Iron-metabolism; 
Hepcidin; Ferroportin; Interferon

© The Author(s) 2015. Published by Baishideng Publishing 
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Core tip: The first showing the relationship between 
expression of iron-metabolism-related genes and 
response to pegylated-interferon (PEG-IFN) and ribavirin 
(RBV) therapy in patients with chronic hepatitis C. The 
expression of hepcidin and ferroportin in the liver 
before therapy was significantly lower in sustained 
virological response (SVR) patients than non-SVR 
patients. The expression of hepcidin was positively 
correlated with that of ferroportin. The variation in 
hepatic expression profile in iron-metabolism-related 
genes is important for the response to PEG-IFN + RBV 
treatment.
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INTRODUCTION
Hepatitis C virus (HCV) is a major pathogen of 
chronic hepatitis and subsequent liver cirrhosis and 
hepatocellular carcinoma. Approximately 170 million 
people are infected with HCV worldwide and, according 
to natural history studies, 5%-20% of patients develop 
cirrhosis after about 20 years of infection[1]. Pegylated-
interferon (PEG-IFN) plus ribavirin (RBV) combination 
therapy has developed as a basic antiviral treatment 

for chronic hepatitis C because it can bring patients 
into sustained virological response (SVR) at a high 
rate. Nowadays, an inhibitor of HCV NS3/4A protease, 
telaprevir or simeprevir, is added to PEG-IFN and 
RBV to achieve higher SVR rates[2,3]. However, some 
relevant adverse events such as severe anemia still 
hinder the effect of the treatment by leading to dose 
reduction and cessation of treatment.

Iron is an essential biometal, and mammalian 
cells require sufficient amounts of iron to satisfy 
metabolic needs and accomplish some specialized 
functions. In humans, the vast majority of iron (> 2 g) 
is distributed to hemoglobin and is involved in oxygen 
transport. A significant amount of iron is also present 
in macrophages (≤ 600 mg) and in the myoglobin 
of muscles (≤ 300 mg), whereas excess body iron 
(about 1 g) is stored in the liver. Mammals lose iron by 
sloughing off their mucosal and skin cells, but do not 
possess any regulated mechanism for iron excretion 
from the body. Therefore, the iron balance needs 
to be regulated tightly, although the amount of iron 
uptake from nutrition and iron excretion is relatively 
low (1-2 mg)[4]. Liver iron overload is a well-described 
but not fully understood feature of HCV infection, 
which can induce liver damage by increasing oxidative 
stress. More than 30% of patients with chronic HCV 
infection have shown increased serum and hepatic iron 
concentrations[5-9]. Elevated iron index is correlated with 
progression of liver disease, while iron administration 
in vitro suppresses HCV replication[10]. Although the 
mechanism of disordered iron metabolism has not 
been fully elucidated, the recent discovery of hepcidin, 
a liver-derived iron-regulatory protein (IRP), has 
changed the philosophy of iron metabolism[1,11,12]. Iron 
is absorbed by intestinal villous cells through divalent 
metal transporter (DMT) 1 and transported into blood 
through ferroportin expressed on the basal membrane 
of villous cells. Serum iron is bound to transferrin and 
imported into hepatocytes via the function of transferrin 
receptor (TFR) 1 and 2, and DMT1 expressed on 
hepatocytes. Absorbed iron is stored with ferritin and 
ferroportin excretes iron into blood. Hepcidin, a hepatic 
peptide hormone, is a primary regulator of systemic 
iron status by blocking iron release from villous cells into 
the blood through binding to and driving degradation 
of ferroportin[1]. Recent studies have shown that the 
function of hepcidin is reduced in patients with chronic 
hepatitis C, leading to the pathogenesis of hepatic iron 
overload[13,14].

In some studies, hepatic iron accumulation was 
associated with resistance to IFN-based antiviral 
therapy and iron depletion before therapy improved 
SVR rates in patients with chronic hepatitis C[15-24]. 
Conversely, another study showed that hepatic iron 
storage was predominant in treatment responders and 
useful as a predictive marker for efficacy of IFN-based 
therapy[25]. Some studies have shown an association 
between iron overload and virological response to IFN 

3292 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com



+ RBV therapy[26-28], but others have shown that iron 
content is not correlated with response to antiviral 
therapy[29-36]. The relationship between iron metabolism 
and response to antiviral therapy is still confused. In 
this study, we analyzed the hepatic expression of iron-

metabolism-related genes and evaluated its association 
with virological response to PEG-IFN+RBV therapy.

MATERIALS AND METHODS
Study population
In Kyushu Medical Center, a standard protocol in Japan 
[subcutaneous PEG-IFNα2a (180 μg) or PEG-IFNα2b 
(median dose of 1.5 μg/kg, range 1.3-1.7) weekly, 
along with oral RBV daily for 48 wk] was adopted for 
chronic hepatitis C. The dose of RBV was adjusted 
according to body weight: 600 mg for patients weighing 
< 60 kg; 800 mg for patients weighing 60-80 kg; 
and 800 mg for patients weighing > 80 kg. In these 
protocols, 48-wk and 24-wk regimens were applied 
to patients infected with HCV genotype 1b (HCV-1b) 
and those infected with HCV genotype 2 (HCV-2), 
respectively[37]. The study protocol was approved by the 
Ethics Committee of the National Hospital Organization, 
and written informed consent was obtained from all 
patients. HCV-1b patients (n = 50) and HCV-2 patients 
(n = 50) were enrolled and retrospectively analyzed. 
The background of the patients is shown in Table 1. 
Blood biochemistry was examined 1 or 2 d before 
biopsy. For real-time reverse transcription polymerase 
chain reaction (RT-PCR), tissue samples were obtained 
by liver biopsy. As a control, normal liver tissue was 
obtained from 18 living donors of liver transplantation 
whose liver function and histological findings were 
normal. Written informed consent was obtained from 
these donors for this investigation.

Laboratory data
Hematological, biochemical and virological parameters 
were determined by the clinical laboratory at Kyushu 
Medical Center. Serum HCV RNA concentrations 
were measured by the COBAS TaqMan PCR HCV test 
(Roche Diagnostics, Tokyo, Japan). SVR was defined 
as undetectable HCV RNA at 24 wk after therapy 
completion.

Real-time RT-PCR
Total RNA was extracted with TRIzol reagent (Invitrogen, 
Carlsbad, CA, United States) and cDNA was synthesized 
from 1.0 μg RNA using GeneAmp RNA PCR (Applied 
Biosystems, Branchburg, NJ, United States) with 
random hexamers. Real-time RT-PCR was performed 
using LightCycler-FastStart DNA Master SYBR Green 
1 (Roche, Basel, Switzerland) according to the 
manufacturer’s instructions[38]. The reaction mixture 
(20 μL) contained LightCycler-FastStart DNA Master 
SYBR Green 1, 4 mmol/L MgCl2, 0.5 μmol/L upstream 
and downstream PCR primers, and 2 μL first-strand 
cDNA as a template. To control for reaction variations, 
all PCR data were normalized against the expression 
of retinoblastoma binding protein 6, which was also 
selected in previous studies[37,39]. Primer sets used for 
real-time PCR are shown in Table 2.
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Table 1  Demographic and clinical characteristics of the 
patients

Number of patients 100
SVR/non-SVR 63/37
Age (yr) 56.3 ± 7.4
Male/female 39/61
Genotype (1b/2a/2b) 50/17/33
HCV RNA (log IU/mL) 5.87 ± 0.95
Aspartate aminotransferase (< 30 IU/L) 51.1 ± 35.9
Alanine aminotransferase (< 30 IU/L) 61.8 ± 53.0
g-glutamyl transpeptidase (< 50 IU/L) 50.7 ± 58.9
Fe (male, 55-200 μg/dL; female, 45-180 μg/dL) 130.3 ± 64.2
Unsaturated iron binding capacity (105-300 μg/dL) 215.1 ± 84.2
WBC (4000-9000/μL) 4987 ± 1303
Hemoglobin (male, 13-17; female, 11-15 g/dL) 13.6 ± 1.5
Platelet (11 × 104-35 × 104/μL) 19.6 ± 6.7
Dose reduction of ribavirin (%) 47

Normal range is presented in parenthesis. Measured values are shown in 
mean ± SD. SVR: Sustained virological response; HCV: Hepatitis C virus; 
WBC: White blood cell.

Table 2  Primer sets used for real-time polymerase chain 
reaction

Gene Forward primer Reverse primer

5’                           3’ 5’                  3’
Ferritin CAGGTGCGCCAGAACTAC-

CA
CCACATCATCGCG-

GTCAAAG
Transferrin CGAAGACTGCATCGCCAA-

GA
ACACTTGCCCGCTAT-

GTAGACAAAC
Hepcidin AGCCTGACCAGTGGCTCTGT TTCGCCTCTGGAA-

CATGG
Ferroportin AAGGGCAAGAATCCCAATT-

TAACTC
TGCCAGGCT-

GAAGGCTTACAC
TFR1 GCATGTGGCATGTTCATCG-

TATAA
TCTCAAGACCAG-
GAGCTTGTCACTA

TFR2 GCGACTGACACGCATGTA-
CAAC

CCATGAAGATGTG-
GCGGAAC

DMT1 CTTGCGAGGCAATCTCAG-
GA

CTGAGACAGT-
GAACTTTGCAACCA

IRP1 GAAACAGTCCTGCTGCTC-
GCTAC

GAGCCATAGGAGTT-
GAATTCTCGTG

IRP2 TTTATCTCCAGGCAGT-
GGGATG

CTGCGTCTGATA-
AGGGTGCTGTA

BMPR1 TGGGAGTTGCTGCATTGCT-
GACC

ATGTAGCGTTTGGT-
GCCCACCC

BMPR2 GCCACAAATGTCCTGGATG-
GCA

GAGGGGCGCCACC-
GCTTAAG

BMP2 TTGCGCCAGGTCCTTTGAC-
CAG

ACCTGGGGAAGCAG-
CAACGCTA

Hemojuvelin TGCCAGACGGCTGTG-
CAAGG

CGGGCATCCTC-
CAGTGCTGC

RBBP6 GCGACCTGCAGATCACCAA TGCCATCGCTG-
GTTCAGTTC

TFR: Transferrin receptor; DMT: Divalent metal transporter; IRP: Iron-
regulatory protein; BMP: Bone morphogenetic protein; BMPR: BMP 
receptor; RBBP: Retinoblastoma binding protein.
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Protein expression
Liver biopsy samples were lysed in phosphate-buffered 
saline containing 1% Triton X-100. Forty-microgram 
aliquots of total tissue lysate were separated by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis 

and blotted onto Immobilon-P polyvinylidene fluoride 
membranes (Millipore, Billerica, MA, United States). The 
membranes were incubated with primary antibodies to 
ferroportin (ab85370: rabbit polyclonal to SLC40A1, Abcam, 
Tokyo, Japan) and β-actin (ab3280: mouse monoclonal 
to actin, Abcam), followed by incubation with peroxidase-
labeled anti-rabbit and anti-mouse IgG antibodies (170-5046 
and 170-5047, Bio-Rad, Tokyo, Japan), respectively. The 
bands were visualized by chemiluminescence using the 
ECL Western blotting analysis system (Amersham 
Biosciences, Little Chalfont, Bucks, United Kingdom).

Measurement of hepcidin
Serum hepcidin level was measured by sensitive 
liquid chromatography/electrospray ionization tandem 
mass spectrometry using an AB Sciex Triple Quad 
5500 system (AB Sciex, Foster City, CA, United 
States) equipped with a Prominence UFLCXR system 
(Shimadzu Corporation, Kyoto, Japan), as reported 
previously[40,41]. Hepcidin exists in three isoforms, the 
iron bioactive 25-amino acid peptide (Hep-25) and its 
two amino-terminal truncated isoforms (Hep-20 and 
-22). In mass spectrometry-based studies, Hep-25 
and Hep-20 can be measured in serum, while Hep-22 
is found only in urine[42].

Statistical analysis
Statistical analysis was performed using JMP software 
(SAS Institute, Cary, NC, United States). Mann-Whitney 
U test was used for continuous variables including the 
difference in gene expression. A value of P ≤ 0.05 was 
considered to be statistically significant.

RESULTS
Expression of iron-metabolism-related genes in hepatitis 
C patients
We examined the expression profile of the genes 
associated with iron metabolism by quantitative real-
time RT-PCR to investigate disorders of iron metabolism 
in the liver of HCV-infected patients (HCV liver) (Figure 
1). mRNA levels of transferrin, ferroportin, DMT1, IRP1 
and IRP2 were significantly increased in HCV-1b or 
HCV-2 liver compared with normal controls. The levels 
of ferritin and TFR1 were significantly increased in 
HCV-1b liver, but not in HCV-2 liver. Expression levels 
of hepcidin and TFR2 in HCV-1b and HCV-2 liver were 
similar to the control level. The expression profile was 
consistent regardless of HCV genotype, except for 
ferritin, ferroportin and TFR1.

Expression of iron-metabolism-related genes and 
treatment outcome
We studied the involvement of iron metabolism in 
outcomes of PEG-IFN + RBV combination therapy. 
SVR patients showed significantly lower expression of 
hepcidin and ferroportin than non-SVR patients (Figure 
2A), but no significant difference was found in other 
iron-metabolism-related genes (data not shown). 
Anemia is one of the critical adverse events during 
therapy and often compels a reduction in total RBV 
dose. It is possible that the changes in expression of 
hepcidin and ferroportin might affect iron metabolism 
and anemia. Furthermore, HCV genotype might be 
involved in the expression of the genes and treatment 
response. We compared the expression of hepcidin 
and ferroportin between the treatment outcomes for 
each HCV genotype, and between patients with and 
without RBV dose reduction. The expression of hepcidin 
and ferroportin was still lower in the SVR group both in 
HCV-1b and HCV-2 liver, although the difference was 
significant only in HCV-2 (Figure 2B). SVR patients, 
who did not need RBV reduction, showed significantly 
lower hepcidin and ferroportin expression than non-
SVR patients showed, while expression did not differ 
significantly between SVR and non-SVR patients 
in the group with RBV dose reduction (Figure 2C). 
Serum hepcidin levels were also lower in SVR patients, 
although the difference was not significant (Figure 3A). 
Hepcidin is the protein regulating ferroportin expression 
through binding and degrading ferroportin, and might 
influence the protein level of ferroportin in hepatocytes 
as well as villous cells. We examined the expression of 
ferroportin protein in the liver. Hepatic levels of ferroportin 
protein, as well as RNA, were significantly lower in SVR 
patients than non-SVR patients (Figure 3B).

Relationship between hepcidin-expression-associated 
gene expression and treatment outcome
We examined the gene expression of known regulators 
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C virus-infected liver in each genotype. The levels were measured by real-
time reverse transcription polymerase chain reaction. aP < 0.05 vs genotype1b, 
bP < 0.01 vs genotype1b, cP < 0.05 vs control, dP < 0.01 vs control.

a

a, d

Kohjima M et al . Iron metabolism in CH-C treatment



of hepcidin expression. Although the regulation of hepcidin 
expression is not completely clear, a few pathways are 
known to control hepcidin expression: (1) TFR2 for sensing 
serum iron and saturated transferring; (2) IL-6 receptor 
(IL-6R) and signal transducer and activator of transcription 
(STAT) pathway for reflecting infection and inflammation; 
and (3) bone morphogenetic protein receptor (BMPR) 
and hemojuvelin, which are receptor and co-receptor 
for BMP2 and 6, respectively[43-45]. Hepatic expression 
of TFR2 and IL-6R was similar in SVR and non-SVR 
patients, and control subjects (data not shown). The 
levels of BMPR2 and hemojuvelin were significantly 
lower in SVR liver, and the same trend was found for 
BMPR1 and BMP2 expression, although the difference 
was not significant (Figure 4).

DISCUSSION
In this study, we examined the hepatic expression of 
the genes involved in iron metabolism and compared 
the expression levels between SVR and non-SVR 
patients. In HCV liver, expression levels of transferrin, 
TFR1, DMT1, ferritin, ferroportin, IRP1 and IRP2 were 
upregulated, while those of hepcidin and TFR2 were 
similar to the control levels. Transcription of ferritin 
and ferroportin was higher in patients with HCV-
1b than HCV-2a/2b. It is possible that the change 
of expression might have affected iron deposition in 
the liver, although the mechanism was unclear. HCV 
genotype 2a/2b patients are known to achieve higher 
viral clearance during IFN treatment than patients with 
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SVR
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genotype 1b. The difference in gene expression might 
be affected by innate immunity reaction or influence 
viral response through iron metabolism.

It is reported that iron administration in vitro 
suppresses HCV replication[10]. Furthermore, hepatic 
iron storage is reported to be predominant in treat-
ment responders and useful as a predictive marker 
for efficacy of IFN-based antiviral therapy[25]. Con-
versely, iron overload and HFE gene mutations are 
associated with resistance to IFN therapy, and iron 
depletion before therapy is effective in patients 
with chronic hepatitis C[15-24]. In other studies, no 
association was found between iron overload and the 
response to IFN and RBV therapy[29-36]. Therefore, the 
relationship between iron metabolism and response to 
antiviral therapy is still unclear and controversial. The 

present study is believed to be the first showing the 
relationship between expression of iron-metabolism-
related genes and response to PEG-IFN and RBV 
therapy. The expression of hepcidin and ferroportin 
in the liver before therapy was significantly lower in 
SVR patients than non-SVR patients regardless of HCV 
genotype and RBV dose reduction. Serum hepcidin 
and hepatic ferroportin protein were also lower in SVR 
patients. Jaroszewicz et al[27] have also reported that 
a decrease in serum prohepcidin level was associated 
with successful treatment using PEG-IFN and RBV. 
When we checked iron storage in the liver by staining 
biopsy tissue, we could not detect much difference 
between the liver of SVR and non-SVR patients (data 
not shown). These findings indicate the following: (1) 
Patients with enough capacity for accumulating iron in 
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the liver achieve viral clearance during PEG-IFN+RBV 
therapy; (2) The amount of hepatic iron deposition 
at the beginning of treatment might not influence the 
therapeutic response to PEG-IFN and RBV; (3) Patients 
who have higher hepcidin and ferroportin expression 
in the liver could store more hepatic iron released from 
red blood cells via RBV-induced hemolysis; and (4) 
Oxidative stress from accumulated iron might inhibit 
viral replication and help completion of viral clearance.

Transcriptional regulation of hepcidin might be 
mediated by the BMP-BMPR pathway but not the 
TFR2 or IL-6 pathway. It is possible that decreased 
hepcidin expression in SVR patients is affected by 
decreased iron in serum or liver tissue. However, 
serum iron concentration, as well as iron deposition 
in the liver, was similar between SVR and non-SVR 
patients. In addition, we could not detect any major 
difference in the expression of TFR2 that could play 
a role in tracking iron concentration between SVR 
and non-SVR patients. These findings indicate that 
downregulation of hepcidin in the liver of SVR patients 
might not reflect iron insufficiency, and that patients 
with decreased hepatic hepcidin via expression change 
in the BMP-BMPR pathway have greater capacity to 
absorb iron into the body and liver, and higher capacity 
for viral clearance. Moreover, the expression of 
hepcidin showed parallel change with the expression of 
ferroportin, and we found that these expressions were 
positively correlated with each other. It is possible that 
these expressions are affected by HCV infection or iron 
demand via a shared mechanism.

The variation in hepatic expression profile in iron-
metabolism-related genes in patients with chronic 
hepatitis C is important for the response to PEG-
IFN + RBV treatment. As an adverse event, anemia 
is more serious during triple therapy with telaprevir 
or boceprevir in combination with PEG-IFN and RBV. 
Therefore, characterization of iron metabolism during 
triple therapy has become more important. Further 
studies for controlling iron balance and metabolism 
could not only prevent dose reduction during therapy, 
but also enhance the therapeutic effect.
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Abstract
AIM: To compare outcomes from radiofrequency 
ablation (RFA) and hepatectomy for treatment of 
colorectal liver metastasis (CRLM).

METHODS: From January 2000 to December 2009, 
408 patients underwent curative intent treatment for 
CRLM. We excluded patients using the criteria: size of 
CRLM > 3 cm, number of CRLM ≥ 5, percutaneous RFA, 
follow-up period < 12 mo, double primary cancer, or 
treatment with both RFA and hepatectomy. We matched 
51 patients who underwent RFA with 102 patients who 
underwent hepatectomy by propensity scores.

RESULTS: The median follow-up period was 45 mo 
(range, 12 mo to 158 mo). Hepatic recurrence was 
more frequent in the RFA than the hepatectomy group 
(P  = 0.021) although extrahepatic recurrence curves 
were similar (P  = 0.716). Survival curves of hepatec-
tomy group were better than that of RFA for multiple, 
large (> 2 cm) CRLM (P  = 0.034). However, survival 
curves were similar for single or small (≤ 2 cm) CRLM (P  
= 0.714, P  = 0.740).

CONCLUSION: Hepatectomy is better than RFA 
for the treatment of CRLM. However, RFA might be 
suitable for selected patients with single, small (≤ 2 
cm) CRLM.

Key words: Colorectal neoplasm; Metastasis; Catheter 
ablation; Hepatectomy; Liver

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Previous studies reported that hepatectomy is 
better than radiofrequency ablation (RFA) to improve 
survival outcomes in the patients with colorectal liver 
metastasis (CRLM). However, there is still controversy 
that RFA is beneficial in selected patients. In this study, 
hepatectomy was better than RFA for the treatment 
of CRLM. However, RFA might be suitable for selected 
patients with single, small CRLM (≤ 2 cm).
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INTRODUCTION
Hepatectomy is the standard treatment for colorectal 
liver metastasis (CRLM). Estimated 5-year overall survival 
(OS) rates are between 27% and 58%[1]. However, 
hepatectomy is difficult to perform and has a high 
complication rate. To reduce morbidity, radiofrequency 
ablation (RFA) has been used for decades to treat 
patients with CRLM[2,3].

Numerous studies have reported that RFA is a safe 
and feasible treatment option for a limited population of 
patients with CRLM[4]. RFA has a low risk of complications 
and is an effective treatment[3,5-8]. Recent studies, 
however, demonstrated that hepatectomy is superior 
to RFA and that RFA should be used only in patients 
unsuitable for hepatectomy[9-11]. However, outcomes after 
RFA to treat CRLM have rarely been evaluated according 
to location, number, and synchronicity of metastases 
even though these are important considerations in 
a treatment plan. Moreover, a recent study reported 
that survival was comparable for CRLM patients who 
underwent RFA or hepatectomy, despite the high local 
recurrence rate observed after RFA[2].

A randomized controlled trial to compare the out-
comes of RFA and hepatectomy would be difficult. 
Instead, propensity score matching analysis has been 
used to minimize bias in evaluating the effectiveness 
of RFA in patients with hepatocellular carcinoma[12-14]. 
However, no propensity score analysis for patients with 
CRLM has been published.

Our aim in this study was to use propensity score 
matching to determine if survival outcomes were 
different between patients who underwent RFA and 
patients who underwent hepatectomy.

MATERIALS AND METHODS
We reviewed 1189 colorectal cancer patients with liver 
metastasis between January 2000 and December 
2009. We identified 408 patients who underwent 
curative intent hepatectomy or intraoperative RFA to 
treat CRLM. Exclusion criteria were CRLM size > 3 cm, 
number ≥ 5, percutaneous RFA, follow-up period < 12 
mo, double primary cancer, hereditary nonpolyposis 
colorectal cancer (HNPCC), or treatment by both RFA 
and hepatectomy. Based on these criteria, 174 patients 
were excluded: 100 for CRLM size > 3 cm, 6 for CRLM 
number ≥ 5, 4 for percutaneous RFA, 11 for follow-up 
< 12 mo, 11 for double primary cancer, 3 for HNPCC, 
and 39 for both RFA and hepatectomy.

We calculated propensity scores using a multivariable 
logistic model considering the variables sex; age; 
preoperative carcinoembryonic antigen (CEA) level; 
location of the primary colon cancer; number, location 
and maximal size of CRLM; tumor node metastasis 
(TNM) stage; lymphatic invasion; vascular invasion; 
neoadjuvant chemotherapy; adjuvant chemotherapy; 
and cell differentiation. Using the logit of the estimated 
propensity score, one case from the RFA group was 
matched to two cases from the hepatectomy group 
using a caliper of 0.2. Covariate balance and surgical 
outcomes between the matched groups were evaluated 
after matching. We could not take indocyanine green 
(ICG) clearance test for calculating propensity score 
because we did not performed ICG retention test in 
every patients with colorectal liver metastasis. We 
routinely checked ICG retention rate in selected patients 
with chronic liver disease.

We matched 51 patients who underwent RFA 
with 102 patients who underwent hepatectomy using 
propensity scores. From RFA group, 5 patients were 
not matched and from the hepatectomy group, 76 
were not matched (Figure 1).

We investigated extrahepatic metastases preo-
peratively using computed tomography (CT) and 
positron emission tomography images. All patients 
underwent prior surgical excision of a primary colorectal 
cancer. In the RFA group, an interventional radiologist 
performed RFA using open surgical or laparoscopic 
approaches with a 460 KHz generator expendable 
needle radiofrequency system (model 500 or 1500; 
RITA Medical Systems, Mountain View, CA; Cool Tip, 
Radionics Corporation, Burlington, MA). For lesions at 
the liver surface or adjacent to the intestine, patients 
were treated by laparoscopic or intraoperative RFA. 
For all patients who underwent RFA, complete necrosis 
of liver metastases was confirmed by intraoperative 
ultrasonography and CT or magnetic resonance imaging 
within 1 week of the procedure.

To prevent recurrence, we recommended adjuvant 
chemotherapy based on fluorouracil (5-FU) for all 
patients. Postoperative surveillance for recurrence 
was performed every 3 to 6 mo for the first 3 years 
and annually thereafter; this included physical 
examination, chest X-ray, and abdominal CT scanning. 
Local recurrence was defined as recurrence at the RFA-
ablated area or resection margin of the hepatectomy. 
In addition to medical records, Roentgen images 
were reviewed retrospectively to identify recurrence 
patterns. Endpoints were time to tumor recurrence 
and time to death.

Sex, age, preoperative CEA level, location of 
the primary colon cancer, number, location and size 
of CRLM, TNM stage, lymphatic invasion, vascular 
invasion, cell differentiation, comorbidity, postoperative 
complication, recurrence, site of recurrence, death, 
disease-free survival (DFS), and OS were recorded for 
each patient. TNM staging, lymphatic invasion, vascular 
invasion, and cell differentiation were determined from 
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the primary colorectal cancer. However, postoperative 
complications, recurrence, and site of recurrence 
were associated with the CRLM. Complication severity 
was classified using the Clavien-Dindo (CD) grading 
system[15]. CD scores of two or higher were regarded as 
a significant morbidity case. American Joint Committee 
on Cancer (AJCC) 7th TNM classification was used to 
define disease stage[16].

Statistical analysis
Statistical analyses were used the statistical software 
SPSS (SPSS for Windows version 20.0, Chicago, 
IL). Categorical variables are reported as numbers 
(percentages). Continuous variables are reported as 
medians (ranges). Categorical variables were compared 
using a χ 2 or Fisher’s exact test. Continuous variables 
were compared using the Mann-Whitney U test. Survival 
was calculated by Kaplan-Meier survival analysis and 
Cox proportional hazard model. Differences in survival 
curves were assessed by multivariate analyses that 
included clinically important factors such as sex, age, 
T stage, lymph node involvement, and primary tumor 
location. We calculated hazard ratio (HR) and 95%CI. 
P-values less than 0.05 were considered statistically 
significant.

RESULTS
Demographics
The hepatectomy group comprised 102 patients and 
the RFA group comprised 51. Median age was 60 years 

(range, 30 years to 79 years) and median follow-up 
duration was 45 mo (range, 12 mo to 158 mo). In the 
hepatectomy group, 29 patients (28%) were women; 
in the RFA group, 16 (31%) were women. CRLM had 
a colon cancer origin in 53 patients (52%) in the 
hepatectomy group and 29 (57%) in the RFA group.

Analysis of patient characteristics revealed no 
significant differences between groups in sex; age; 
preoperative CEA level; primary tumor location (colon 
or rectum); neoadjuvant chemotherapy; adjuvant 
chemotherapy; number, location, or maximal diameter 
of CRLM; TNM stage; lymphatic invasion; vascular 
invasion; histological differentiation or comorbidities. 
Median diameter of CRLM was 1.7 cm (range, 0.2 cm 
to 3.0 cm) in the hepatectomy group and 1.8 cm (range, 
1.0 cm to 3.0 cm) in the RFA group. A single CRLM 
was seen in 63 patients (62%) in the hepatectomy 
group and 29 (57%) in the RFA group. The CRLM was 
located in the unilateral hemiliver in 80 patients (78%) 
in the hepatectomy group and 38 (75%) in the RFA 
group. All characteristics were appropriately distributed 
between the two groups (Table 1).

Perioperative outcomes
Postoperative complications (CD score ≥ 2) developed in 
28 patients (27%) after hepatectomy and 5 (10%) after 
RFA (P = 0.012). However, no significant differences 
were noted in complication rates for treatment of CRLM. 
Perihepatic fluid collection or hepatic abscess were seen 
in 5 patients (5%) in the hepatic resection group and 2 
(4%) in the RFA group (P = 0.99) with no postoperative 
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Figure 1  Flow diagram of patients identified and selected. CRLM: Colorectal liver metastasis; RFA: Radiofrequency ablation; HNPCC: Hereditary nonpolyposis 
colorectal cancer.
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Table 1  Patient characteristics  n  (%)

mortality.

Recurrences
During follow-up, 98 of 152 patients (64%) experienced 
recurrence after hepatectomy or RFA. Hepatic 
recurrences were more common in the RFA than in 
the hepatectomy group (P = 0.021). Extrahepatic 
recurrences were not significantly different between the 
two groups (P = 0.716) (Figure 2).

Survival
DFS was 68.4% at 1 year, 45.2% at 3 years, and 
39.7% at 5 years after hepatectomy and 52.9%, 
30.4%, and 23.9% after RFA (P = 0.056). OS rates 
were 93.1% at 1 year, 73.9% at 3 years, and 55.2% 
at 5 years after hepatectomy and 92.2%, 62.4%, 
and 48.2% after RFA, respectively. Differences in OS 
curves were significant between the hepatectomy and 

RFA groups (P = 0.194) (Figure 3).
We performed subgroup analysis according to 

CRLM number, size, and location. Survival curves were 
similar between the two groups for single or small (≤ 
2 cm) CRLM (P = 0.714 and P = 0.740). However, the 
trend was that survival curves for the hepatectomy 
group were better than for the RFA group for multiple, 
large (> 2 cm) CRLM (P = 0.034) (Figure 4). No 
significant differences were seen by tumor distribution.

Associations between RFA, sex, age, CRLM size 
or number, synchronicity, CRLM location, T stage, 
N stage, adjuvant chemotherapy, histologic grade 
and DFS were evaluated using a Cox proportional 
hazard model. In multivariate analysis, RFA, lymph 
node metastasis and poorly differentiated grade were 
significant risk factors for recurrence (HR = 1.57, P = 
0.040 for RFA; HR = 1.94, P = 0.015 for lymph node 
metastasis; and HR = 1.79, P = 0.049 for histologic 
grade) (Table 2).

DISCUSSION
Survival of colorectal cancer patients has improved over 
the last decades, largely due to newly developed surgical 
techniques and chemotherapeutic agents. In addition, 
techniques such as RFA have also been developed. We 
found that, by Cox regression multivariate analysis, RFA 
for CRLM was associated with a high recurrence rate. 
The hepatic recurrence rate was significantly higher 
after RFA than after hepatectomy by recurrence pattern 
analysis. However, oncologic outcomes were similar 
after RFA and hepatectomy for single or small (≤ 2 cm) 
CRLM.

We found significant differences in complication rates 
between the hepatectomy and RFA groups although 
the overall complication rate was low in both RFA and 
hepatectomy groups. Other studies also reported that 
RFA is less invasive than hepatectomy[5-8]. However, RFA 
should be considered as only an alternative treatment 
for patients not indicated for hepatectomy[2,9-11,17-21].

Hepatectomy is not always possible, however. A 
sufficient volume of remnant liver must be present 
before hepatectomy to reduce surgical risk. Portal 
blood pressure and biliary drainage are also important 
factors. If the estimated volume of the remnant liver 
is too small, portal vein embolization is useful to 
decrease surgical risk[22].

In our study, survival outcomes were similar in the 
RFA and hepatectomy groups, in particular for patients 
with single or small CRLM. However, the location of 
CRLM was not a significant factor for survival outcomes. 
Therefore, RFA might be substitute treatment for 
selected patients with single, small CRLM. The optimum 
diameter of CRLM for RFA has been controversial. Some 
studies suggest that RFA is acceptable if the CRLM are 
less than 3 cm in diameter[18,20,23,24]. However, other 
studies showed that RFA is associated with higher local 
recurrence rates, even for CRLMs less than 3 cm[19,25,26]. 
In this study, survival curves for the hepatic resection 
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Hepatectomy RFA P

n  = 102 n  = 51
Sex (M/F) 73/29 35/16 0.71
Age (years) median (range) 60 (3-79) 58.5 (35-79) 0.99
Preoperative CEA (ng/mL) 
median (range)

4.4 (0.1-202) 6.5 (0.9-144) 0.19

Size of liver metastases, 
median (range)

1.7 (0.2-3.0) 1.8 (1.0-3.0) 0.26

Number of liver metastasis
   Single 63 (62) 29 (57) 0.56
   Multiple 39 (38) 22 (43)
Metastasis type
   Synchronous 76 (75) 33 (65) 0.21
   Metachronous 26 (25) 18 (35)
Location of liver metastasis
   Unilobal 80 (78) 38 (75) 0.59
   Bilobal 22 (22) 13 (25)
N stage
   N0 30 (29) 13 (25) 0.61
   N1, N2 72 (71) 38 (75)
Location of primary colorectal 
cancer
   Colon 53 (52) 29 (57) 0.57
   Rectum 49 (48) 22 (43)
Histological differentiation1

   High grade 88 (86) 45 (88) 0.73
   Low grade 14 (14)   6 (12)
Comorbidity
   Liver cirrhosis2 5 (5)   6 (12) 0.18
   Diabetes mellitus 20 (20) 13 (25) 0.40
   Hypertension 29 (28) 12 (24) 0.52
   Cardiovascular disease 3 (3) 1 (2) 0.72
   Pulmonary disease 6 (6) 2 (4) 0.99
Neoadjuvant chemotherapy
   Yes 6 (6)   5 (10) 0.30
   No 70 (94) 28 (90)
Adjuvant chemotherapy
   Yes 95 (93) 46 (90) 0.54
   No 7 (7)   5 (10)

1High grade: well or moderately differentiated, Low grade: poorly 
differentiated or mucinous carcinoma; 2The grade of liver cirrhosis was 
Child-Pugh Class A in all 11 patients. RFA: Radiofrequency ablation; CEA: 
Carcinoembryonic antigen.
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group were higher than for the RFA group for tumor 
size > 2 cm, although the difference was not significant.

A study reported that OS of an RFA group was 
comparable to OS for a hepatectomy group despite a 
high rate of local recurrence after RFA. This finding might 
be due to similar rates of extrahepatic recurrence, a 
crucial survival factor[2]. In our study, we verified RFA 
using a variety of criteria. RFA was associated not only 
with high local recurrence, but also poor OS. Cluster 
of differentiation 95 (CD95) is thought to affect the 
recurrence of cancer after RFA because of the potential 
of RFA to cause hypoxic damage. CD95 can induce 
apoptosis, but can also promote tumorigenesis in 
apoptosis-resistant tumor cells[27].

We used propensity score matching to minimize 
possible bias from stratification. We also used a 
Cox proportional hazard model to analyze multiple 
variables of RFA, sex, age, CEA, size, number of CRLM, 
metachronicity, bilobal distribution, TN stage, adjuvant 
chemotherapy, and cell differentiation. We found that 
RFA, lymph node metastasis and poorly differentiated 
cell type were associated with poor prognosis. Lymph 
node metastasis is a well-known prognostic factor for 
colorectal cancer treatment[28]. In this study, the lymph 
node metastasis and poorly differentiated type were 
poor prognostic factors.

To overcome the shortcomings of RFA, microwave 
ablation was developed to treat hepatic neoplasms[29-32]. 
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Figure 2  Recurrence patterns after hepatectomy or radiofrequency ablation for colorectal liver metastasis. A: Hepatic recurrence; B: Extrahepatic recurrence. 
RFA: Radiofrequency ablation; CRLM: Colorectal liver metastasis.
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Figure 3  Kaplan-Meier survival analysis for disease-free survival and overall survival after hepatectomy or radiofrequency ablation for colorectal liver 
metastasis. A: Disease-free survival; B: Overall survival. RFA: Radiofrequency ablation; CRLM: Colorectal liver metastasis.

BA

BA

Lee H et al . Colorectal liver metastasis



3305 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

Figure 4  Kaplan-Meier survival analysis for disease-free survival after hepatectomy or radiofrequency ablation for colorectal liver metastasis according to 
tumor number and size. A: Single CRLM; B: Multiple CRLM; C: Size of CRLM (≤ 2 cm); D: Size of CRLM (2 cm < CRLM ≤ 3 cm); E: Single and size of CRLM (≤ 2 
cm); F: Multiple or size of CRLM (2 cm < CRLM ≤ 3 cm). RFA: Radiofrequency ablation; CRLM: Colorectal liver metastasis.
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Table 2  Disease-free survival after surgical treatment with 
curative intent for colorectal liver metastasis by multivariate 
analysis by Cox regression proportional hazard model (n  = 153)

Recent studies reported that microwave ablation is 
safe and has a low complication rate, even for tumors 
located near major vessels. Patients who underwent 
microwave ablation showed enhanced survival relative 
to a conventional hepatectomy group based on short-
term follow-up results[32,33]. However, few published 
studies have examined a large number of patients 
followed for a long period of time.

This study has several limitations that should be 
considered. The major drawback was that it was neither 
randomized nor prospective. However, conducting 
randomization for RFA is difficult so we reduced bias 
using propensity score matching. Although we could 
not evaluate ICG clearance test and comorbidity rate to 
calculate propensity score, it does not seem an essential 
component to evaluate oncologic outcomes. Moreover, 
the comorbidity rate was not significantly different 
between the two groups.

In conclusion, our long-term follow-up survival 
analysis revealed that hepatectomy was superior 
to RFA for treating CRLM. RFA was associated with 
hepatic recurrence and was a poor prognostic factor. 
However, RFA might be an option for selected patients 
with single, small (≤ 2 cm) CRLM.

COMMENTS
Background
Numerous studies have reported that radiofrequency ablation (RFA) is a safe 
and feasible treatment option for a limited population of patients with colorectal 
liver metastasis (CRLM). Recent studies, however, demonstrated that 
hepatectomy is superior to RFA and that RFA should be used only in patients 
unsuitable for hepatectomy. However, outcomes after RFA to treat CRLM have 
rarely been evaluated according to location, number, and synchronicity of 
metastases even though these are important considerations in a treatment plan. 
Moreover, randomized controlled trial is difficult to do to compare the outcomes 
after hepatectomy and RFA.
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Abstract
AIM: To evaluate the incidence and risk factors of 
Korean tuberculosis (TB) infection in patients with 
inflammatory bowel disease (IBD) undergoing anti-TNF 
treatment.

METHODS: The data of IBD patients treated with 
anti-TNFs in 13 tertiary referral hospitals located 
in the southeastern region of Korea were collected 
retrospectively. They failed to show response or were 
intolerant to conventional treatments, including steroids 
or immunomodulators. Screening measures for latent 
TB infection (LTBI) and the incidence and risk factors of 
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active TB infection after treatment with anti-TNFs were 
identified.

RESULTS: Overall, 376 IBD patients treated with anti-
TNF agents were recruited (male 255, mean age of 
anti-TNF therapy 32.5 ± 13.0 years); 277 had Crohn’s 
disease, 99 had ulcerative colitis, 294 used infliximab, 
and 82 used adalimumab. Before anti-TNF treatment, 
screening tests for LTBI including an interferon gamma 
release assay or a tuberculin skin test were performed 
in 82.2% of patients. Thirty patients (8%) had LTBI. 
Sixteen cases of active TB infection including one 
TB-related mortality occurred during 801 person-
years (PY) follow-up (1997.4 cases per 100000 PY) 
after anti-TNF treatment. LTBI (OR = 5.76, 95%CI: 
1.57-21.20, P  = 0.008) and WBC count < 5000 mm3 
(OR = 4.5, 95%CI: 1.51-13.44, P  = 0.007) during 
follow-up were identified as independently associated 
risk factors.

CONCLUSION: Anti-TNFs significantly increase the risk of 
TB infection in Korean patients with IBD. The considerable 
burden of TB and marked immunosuppression might be 
attributed to this risk.

Key words: Tuberculosis; Anti-TNF; Korea; Inflammatory 
bowel disease; Latent tuberculosis infection; Risk factor

© The Author(s) 2015. Published by Baishideng Publishing 
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Core tip: Anti-TNF antagonist therapy implies significant 
tuberculosis (TB) risk in inflammatory bowel disease 
(IBD) patients residing in areas with an intermediate 
burden of TB infection. The risk of susceptibility to 
TB under anti-TNF treatment is associated with latent 
TB infection and considerable immunosuppression. 
Rigorous and sustained assessment of TB infection 
should be implemented in Korean IBD patients 
undergoing anti-TNF therapy.

Kim ES, Song GA, Cho KB, Park KS, Kim KO, Jang BI, Kim 
EY, Jeon SW, Lee HS, Yang CH, Lee YK, Lee DW, Kim SK, Kim 
TO, Lee J, Kim HW, Jee SR, Park SJ, Kim HJ. Significant risk 
and associated factors of active tuberculosis infection in Korean 
patients with inflammatory bowel disease using anti-TNF agents. 
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INTRODUCTION
Anti-TNF agents are able to favorably change the 
natural course of inflammatory bowel disease (IBD), 
and these drugs are currently the most effective 
treatment to achieve sustained clinical remission 
and mucosal healing[1]. Korea and other East Asian 
countries, once considered being a region in which 

IBD was extremely rare, have had a rapidly increasing 
number of patients with IBD. The population-based 
Korean data showed that the mean annual incidence 
rates of Crohn’s disease (CD) and ulcerative colitis 
(UC) increased from 0.05 and 0.34 per 100000 
persons, respectively, in 1986-1990 to 1.34 and 3.08 
per 100000, respectively, in 2001-2005[2]. Anti-TNF 
agents such as infliximab and adalimumab have been 
used with gradually increasing frequency since they 
were approved for IBD treatment in the mid 2000s in 
Korea[3-5].

One of the primary concerns regarding anti-
TNF agents is an increased risk of tuberculosis (TB) 
infection. Despite a wide variation in TB rates among 
different countries, it has been reported that there 
was an approximately four-fold increased risk of TB 
in patients with rheumatoid arthritis (RA) treated with 
anti-TNF agents compared with those not treated 
with anti-TNF agents[6,7]. For IBD patients, the current 
incidence of active TB after treatment with an anti-TNF 
inhibitor is approximately 1%-2%[8,9]. The majority 
of TB cases occurred within 3-4 mo after anti-TNF 
therapy, suggesting that TB develops as a result of 
reactivation of latent disease rather than as a new 
infection[9,10]. Furthermore, the clinical characteristics of 
TB infection in anti-TNF treated patients are markedly 
atypical, presenting a greater chance of disseminated 
and extra-pulmonary diseases[11,12]. 

Although the incidence rate of TB infection in 
South Korea has been declining over recent decades, 
it remains one of the most common infectious 
diseases in the country. According to the World Health 
Organization, the incidence rate of TB in South Korea 
was 108 per 100000 inhabitants in 2012[13]. Whereas 
the risk of TB in Korean patients with RA treated with 
infliximab has been reported[14], there have been no 
reports on the incidence of TB infection in Korean IBD 
patients using anti-TNFs. Given that TB risks vary in 
different countries and with different diseases[15], it 
would be noteworthy to identify the risk of TB infection 
due to anti-TNF therapy in Korean patients with IBD. 
The aim of this study was to evaluate the incidence 
of active TB infection and associated risk factors in 
Korean IBD patients treated with anti-TNF agents. 
Additionally, the clinical characteristics of TB infection 
in these subjects were estimated. 

MATERIALS AND METHODS
This study was conducted in 13 referral hospitals 
in Gyeongsang province in the southeastern region 
of Korea. Two anti-TNF agents, infliximab and 
adalimumab, are currently approved to treat IBD 
in South Korea. Candidates approved for the use of 
anti-TNFs by the National Health Insurance Service 
were patients with a moderate to severe stage of 
IBD who failed to show response or were intolerant 
to conventional treatments, including steroids or 
immunomodulators[4,5]. IBD patients treated with 
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either of these TNF antagonists from June 2003 to 
January 2014 were included in this study. Information 
regarding clinical and demographic characteristics 
such as sex, age of IBD diagnosis, disease duration, 
anti-TNF drug exposure period, location and behavior 
of CD, and extent of UC were obtained from medical 
records. For the risk factors for TB, diabetes mellitus 
(DM), previous TB infection, latent TB infection (LTBI), 
concomitant immunosuppressant at the start of anti-
TNF therapy, and WBC count measured around the last 
follow-up day were recorded. When active TB infection 
developed after anti-TNF therapy, WBC counts at the 
time of TB diagnosis were counted. However, history 
regarding contact with active TB patients was not 
obtained. The study was approved by the ethics review 
committee of the Institutional Review Board of all of 
the hospitals participating in the study. 

Definition of TB infection and screening modalities
According to the Korean Guidelines for Tuberculosis 
published in 2011, chest radiography, a tuberculin 
skin test (TST), and an interferon gamma release 
assay (IGRA) should be performed for LTBI screening 
before the initiation of anti-TNF therapy[16]. Abnormal 
findings on chest radiography included apical densities, 
pleural scarring, and calcified granulomas. TST 
was performed according to the Mendel-Mantoux 
method using purified protein derivative (PPD). Skin 
induration with a diameter ≥ 10 mm at 48-72 h after 
the PPD inoculation on the forearm was considered 
positive[17]. Two methods for IGRA are available in 
Korea: QuantiFERON®-TB Gold In-Tube (QFT-GIT; 
Cellestis, Carnegie, VIC, Australia) and T-SPOT®.TB 
(T-SPOT; Oxford Immunotec, Abingdon, UK). LTBI 
was defined as (1) cases of an abnormal chest X-ray 
without previous complete TB treatment or (2) positive 
results with TST or IGRA[18]. The criteria for active TB 
infection were as follows: (1) typical symptoms with 

isolation of Mycobacterium tuberculosis from a clinical 
specimen or (2) typical symptoms with radiological 
or histological findings of TB without culture or when 
a culture sample could not be obtained[18]. Although 
there was no bacterial confirmation, these cases were 
regarded as active TB when the clinical symptoms and 
the radiological or histological findings improved with 
anti-TB therapy[18]. The patients diagnosed with active 
TB before the initiation of anti-TNF therapy were not 
counted as the TB cases in the study.

Statistical analysis
The incidence rate of active TB was calculated using 
person-years (PY) and was expressed as new cases 
per 100000 PY. Differences in the categorical variables 
between the groups were assessed with the χ 2 test 
or Fisher’s exact test. For comparisons of continuous 
variables, the Mann-Whitney test was used. To 
investigate the independent risk factors associated with 
active TB infection during anti-TNF therapy, a logistic 
regression analysis was performed using variables 
with statistically significant associations identified in a 
univariate analysis. Age and sex were also included as 
variables for a multivariate analysis because these are 
considered important risk factors of TB infection[19,20]. 
A two-tailed P value < 0.05 was considered significant. 
The statistical analysis was performed with SPSS 
version 14.0 (SPSS, Chicago, IL, United States). 

RESULTS
In total, 376 IBD patients using anti-TNF agents 
were included in the study (255 males, mean age at 
the start of anti-TNF therapy of 32.5 ± 13.0 years, 
with 277 patients with CD and 99 patients with UC). 
The ileocolon (157, 56.7%) and non-stricturing non-
penetrating type disease (102, 36.8%) were the most 
common location and behavior of CD, respectively. 
The majority of the UC patients had extensive disease 
(46, 46.5%). Eight patients (2.1%) had a previous 
TB infection history with successful anti-TB treatment. 
Infliximab and adalimumab were used in 294 (78.2%) 
and 82 (21.8%) patients, respectively. The baseline 
characteristics of the patients are described in Table 1. 

Screening for latent TB infection before anti-TNF therapy
The screening outcomes prior to anti-TNF therapy 
are summarized in Table 2. A chest X-ray was taken 
before anti-TNF therapy in the majority of patients 
(356, 94.7%); 8 (2.2%) of the chest x-rays showed 
abnormal appearances, suggesting old pulmonary TB. 
Among these patients, 4 had a history of a complete 
course of anti-TB treatment for pulmonary TB infection. 
IGRA was performed in 276 (73.4%) patients, and the 
positivity rate was 5.8% (16/276). One hundred and 
thirty-one patients (34.8%) underwent TST before anti-
TNF therapy, and the positivity rate was 9.2% (12/131). 
Both IGRA and TST were performed in 98 patients 
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Table 1  Baseline characteristics of patients treated with anti-
TNF agent

n  = 376

Sex (male:female) 255:121
Age of diagnosis (yr) 27.9 ± 12.6
Age at the start of anti-TNFs (yr) 32.5 ± 13.0
Follow-up (mo) 81.6 ± 58.9
Diseases
    Crohn’s disease 277 (73.7)
        L1/L2/L3/L1+L4/L3+L4 48/60/157/4/8
        B1/B2/B3 102/87/88 
        Perianal disease 160 (42.5)
    Ulcerative colitis 99 (26.3)
        E1/E2/E3 8/45/46
Previous anti-TB treatment   8 (2.1)
Diabetes Mellitus 12 (3.2)
Anti-TNF agents
    Infliximab 294 (78.2)
    Adalimumab   82 (21.8)

Data are espressed as n (%) or mean ± SD. TB: Tuberculosis; UC: Ulcerative colitis.
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initiating anti-TNF treatment. Fifteen patients (93.8%) 
were taking immunosuppressants, including steroids 
or azathioprine, within 1 wk of the screening tests, 
and 4 patients had LTBI. Among the 4 LTBI cases, 
2 patients received prophylactic treatment of either 
isoniazid for 9 mo or isoniazid plus rifampicin for 3 
mo, and one patient had a previous complete anti-
TB medication history for active pulmonary TB. The 
majority of the patients (15/16, 93.8%) were taking 
steroids or azathioprine when the active TB diagnosis 
was made. We conducted a univariate analysis to 
identify the risk factors of TB infection during anti-
TNF treatment in IBD patients (Table 4). The positive 
rate of screening for LTBI in the TB infection group 
was higher than in the non-TB infection group (25% 
vs 7.2%, P = 0.031). A WBC count < 5000 mm3 was 
more often observed in the TB infection group than 
in the non-TB infection group (62.5% vs 31.9%, P = 
0.015). There was no significant difference between 
the groups regarding disease type, DM, anti-TNF 
agents, and immunomodulator use at the start of 
anti-TNF treatment. A multivariate analysis using 
logistic regression after adjustment for age and 
sex demonstrated that LTBI (OR = 5.76, 95%CI: 
1.57-21.20, P = 0.008) and white blood cell (WBC) 
count < 5000 mm3 during follow-up (OR = 4.5, 
95%CI: 1.51-13.44, P = 0.007) were significant 
independent risk factors for active TB infection during 
anti-TNF agent therapy (Table 5).

One 24-year-old male patient with CD undergoing 
infliximab treatment died 55 d after miliary TB 
diagnosis because of devastating acute renal failure. 
His chest X-ray had been normal, and TST had shown 
a negative result. He was taking steroids at the time of 
the TST.

Clinical features of active tuberculosis infection during 
treatment with anti-TNF agents
Fever (43.8%) was the most common clinical 
manifestation, followed by cough, dyspnea, abdominal 
distension, fatigue and chest pain. The most frequent 
sites of infection were the lung, lymph node and 
pleura, in that order. Miliary TB was observed in 6 
(37.5%) patients. The majority of the patients (81.3%) 
showed extra-pulmonary TB, indicating an atypical 
presentation of TB infection. The clinical characteristics 
of active TB infections are shown in Figures 2A and 2B. 

DISCUSSION
In this study, the incidence rate of TB infection was 
1997.4 per 100000 PY in IBD patients exposed to anti-
TNF inhibitors, and this risk was associated with LTBI 
confirmed by the screening tests and with leukopenia 
(WBC < 5000 mm3) during the follow-up period. These 
rates are much higher than the rates found in Western 
studies[7,9,11]. The remarkably high incidence of TB 
in this study might be related to the large burden of 
TB in the general population. South Korea has been 

(26.7%). The use of IGRA increased considerably from 
34% in 2009 to 90.2% in 2013, whereas there was no 
significant change in the use of TST during the same 
period, with TST being performed in 30% and 39.8% 
of patients in 2009 and 2013, respectively. Using 
chest X-ray, IGRA and TST as screening measures, 
LTBI was confirmed in 30 patients (8.0%). Of these 
LTBI cases, 16 patients received prophylactic anti-
TB medications. The patient flow diagram is shown 
in Figure 1. Immunosuppressants, such as steroids 
or thiopurine, were being administered at the time 
of IGRA and TST screening in 77.5% and 79.4% of 
patients, respectively.

Incidence and risk factors of active TB infection after 
anti-TNF agents
Sixteen cases of active TB infection occurred during 
the 801 PY follow-up period after anti-TNF exposure 
(1997.4 per 100000 PY). The median time from anti-
TNF initiation to active TB infection was 28.7 wk 
(range, 8-142). The clinical characteristics of these 
patients are summarized in Table 3. Infliximab was 
used in 15 patients, whereas adalimumab was used 
in 1 patient. All of the patients except one (who had 
a chest X-ray only) underwent LTBI screening tests 
of IGRA (75%, 12/16) or TST (31.2%, 5/16) before 
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Table 2  Screening outcomes for latent tuberculosis infection 
before anti-TNF agent

n  = 376, n  (%)

Chest X-ray 
   Done             356 (94.7)
   Old tuberculosis      8/356 (2.2)
   Negative    348/356 (97.8)
IGRA 
   Unknown               9 (2.4)
   Done             276 (73.4)
   Positive    16/276 (5.8)
   Negative    241/276 (87.3)
   Indeterminate    19/276 (6.9)
   Steroid or thiopurine at IGRA    214/276 (77.5)
   QuantiFERON             247 (62.9)
      Positive    14/247 (5.7)
      Negative    218/247 (88.3)
      Indeterminate 15/247 (6)
   T-SPOT               29 (12.6)
      Positive        2/29 (6.9)
      Negative        23/29 (79.3)
      Indeterminate          4/29 (13.8)
TST 
   Unknown             10 (2.7)
   Done             131 (34.8)
   Positive     12/131 (9.2)
   Negative     117/131 (89.3)
   Steroid or thiopurine at TST     104/131 (79.4)
Screening tests for LTBI
   1 test (IGRA or TST)             211 (56.1)
   2 tests (IGRA and TST)               98 (26.1)
   Neither IGRA or TST               59 (15.7)
Latent tuberculosis infection             30 (8.0)

IGRA: Interferon gamma release assay; TST: Tuberculin skin test; LTBI: 
Latent tuberculosis infection.
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reported to have an intermediate burden of TB with 
an incidence, mortality and prevalence of 108, 5.4 and 
146 per 100000 persons, respectively, in 2012[13]. For 
reference, the incidence, mortality, and prevalence of 
TB in the United States were 3.6, 0.14, and 4.7 per 
100000 persons, respectively, in the same year[13]. The 
incidence rates were also considerably high in Korean 
ankylosing spondylitis (AS) or RA patients using anti-
TNF agents, with the rates ranging from 540 to 2558 
per 100000 PY, which is similar to the observations in 

our study[14,18]. To the best of our knowledge, this is 
the first study to evaluate the risk of TB infection in a 
large number of Korean IBD patients undergoing anti-
TNF therapy. 

Although the Korean Guidelines for TB in 2011 
recommend TST or IGRA as screening tests before 
initiating anti-TNF agents, TST and IGRA were used 
in only 34.8% and 73.4% of patients, respectively, in 
the present study. This low compliance of screening 
tests might be partly attributed to the patients who 
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Figure 1  Flow diagram of patients, illustrating screening outcomes. 1Chest X-ray, tuberculin skin test, or interferon gamma release assay; 2Development of 
active tuberculosis infection after anti-TNF therapy. LTBI: Latent tuberculosis infection.

Table 3  Clinical characteristics of patients developing active tuberculosis infection after anti-TNF agent

No. IBD Sex Age of anti-
TNFs (yr)

Anti-
TNFs

Previous TB 
treatment

Screening 
IGRA

Screening 
TST

IS at 
screening 

Prophylaxis Interval to TB 
infection (wk)

IS at TB 
diagnosis

Extra-
pulmonary TB

No. of invol-
vement organ

1 CD F 21 IFX No ND ND None ND   83 CS + AZA No 1
2 CD M 24 ADA No + ND CS INH   22 None Yes 1
3 CD M 24 IFX No - ND CS +AZA ND   35 AZA Yes 3
4 CD M 42 IFX Yes - ND CS ND   46 CS + AZA Yes 6
5 CD F 34 IFX Yes - ND AZA ND   23 AZA Yes 1
6 CD M 29 IFX No - ND AZA ND   10 AZA Yes 5
7 CD M 41 IFX No ND - AZA ND   12 AZA Yes 1
81 CD M 24 IFX No ND - CS ND     8 CS Yes 4
9 CD M 27 IFX No ND - AZA ND   22 AZA No 1
10 CD M 23 IFX Yes + - AZA ND     8 CS + AZA Yes 1
11 CD M 21 IFX No - Unknown CS +AZA ND 129 CS + AZA Yes 3
12 UC M 32 IFX No + ND AZA INH + RFP   40 AZA Yes 4
13 UC M 70 IFX No - ND AZA ND 142 AZA No 1
14 UC M 21 IFX No - ND CS +AZA ND   52 AZA Yes 3
15 UC M 56 IFX No - ND AZA ND   47 AZA Yes 2
16 UC F 25 IFX No + - AZA ND   12 AZA Yes 2

1This patient died 55 d after miliary tuberculosis diagnosis due to devastating acute renal failure. IBD: Inflammatory bowel disease; CD: Crohn’s disease; 
UC: Ulcerative colitis; IFX: Infliximab; ADA: Adalimumab; ND: Not done; TB: Tuberculosis; IGRA: Interferon gamma release assay; TST: Tuberculin skin 
test; IS: Immunosuppressant; CS: Corticosteroid; AZA: Azathioprine; INH: Isoniazid; RFP: Rifampin.
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were taking anti-TNF agents in the early period when 
LTBI screening before the use of TNF blockers was 
not strictly performed in Korea. A study from the USA 
also showed a low rate (65%) of LTBI screening prior 
to initiating anti-TNF therapy in IBD patients, and 
the authors reported that the initiation of treatment 
prior to 2006 was a risk factor for screening failure[21]. 
In our study, the use of IGRA rose significantly over 
time from 34% in 2009 to 90.2% in 2013. However, 
the rate of TST remained low throughout the study 
period, reflecting the low preference for TST due 
to insufficient accuracy of TST for LTBI screening, 
particularly in Korea, where Bacille Calmette-Guerin 
(BCG) vaccination is mandatory, which might influence 
TST results. A lack of specificity for pathogenic 
Mycobacterium tuberculosis is a limitation of TST, and 
this might be due to cross-reactivity with the BCG 
vaccination and environmental mycobacteria[22,23]. 
Therefore, IGRA might be more appropriate as a 
LTBI screening test in countries using routine BCG 
vaccination, such as Korea[24]. 

One important finding of the present study 
was the low positivity rates of each screening test 
(5.8% for IGRA and 9.2% for TST). There appear 
to be different positivity rates of LTBI screening 
tests between patients with different diseases. For 
example, the TST and IGRA positivity rates of RA 
patients were relatively high, up to 23% and 31.6%, 
respectively[25], whereas the rates of IBD patients 
were 12.5%-16% and 7.2%-9%, respectively[26,27], 
which are similar to our results. Although the cause 
of the difference between the studies is unclear, the 
different patient age ranges and the varying use of 
concomitant immunosuppressants during screening 
might be plausible explanations. IBD patients are 
typically younger than RA patients, and age is strongly 
associated with the positivity of TST as a result of 
longer exposure to Mycobacterium tuberculosis[26]. 
Additionally, approximately 80% of patients in the 
present study were taking steroids or thiopurine during 
the screening tests, which could lead to low positive 

results for the tests. Immunosuppression has been 
known to negatively affect the outcomes of TST and 
IGRA, resulting in low sensitivity of these screening 
tests[26]. Therefore, the ideal time for LTBI screening 
would be prior to the initiation of immunosuppressant 
therapy. 

There has been no study on the risk factors for the 
development of TB infection during anti-TNF therapy 
because the number of TB cases is too small for a 
precise assessment. We identified positive LTBI and a 
WBC count < 5000 mm3 as independent risk factors 
for active TB infection during anti-TNF therapy. Patients 
with LTBI were more likely to have active TB infection 
than patients without LTBI (OR = 5.76, 95%CI: 
1.57-21.20, P = 0.008) (Table 5). This result is not 
surprising because LTBI is likely to progress to active 
TB in immunocompromised patients, such as those 
taking anti-TNF inhibitors[17]. There is clear evidence 
suggesting that chemoprophylaxis with screening for 
LTBI considerably reduces the TB reactivation rate[28,29]. 
However, we should consider that chemoprophylaxis 
for suspected LTBI prior to anti-TNF therapy does not 
entirely avoid the development of active disease[30]. 
It has been reported that chemoprophylaxis is only 
moderately effective[28,30]. In the present study, 
we could not find a prophylactic effect of anti-TB 
medications; 12.5% (2/16) of patients with LTBI who 
took prophylactic anti-TB medication still developed 
active TB, whereas 14.3% (2/14) of patients with LTBI 
who did not take prophylaxis had active TB during 
anti-TNF therapy (Figure 1). Although the exact reason 
for the lack of efficacy of prophylaxis in this study is 
unclear, the emergence of drug-resistant TB in Korea 
might be a possible explanation[31,32]. 

Guidelines recommend delaying to begin anti-TNF 
for at least 3 wk when LTBI is confirmed[16,33]. Anti-
TNF agents can be started early in some inevitable 
cases for disease control. Given that LTBI positivity 
is a significant risk factor for the development of 
active TB and there seems to be the lack of efficacy 
of chemoprophylaxis for that, we should consider 
seriously undertaking the balance between the risk 
and the benefit before initiating anti-TNF agents in 
IBD patients with positive result for LTBI. If anti-TNF 
is used in these patients, more strict and complete 
anti-TB prophylaxis measures should be followed by 
rigorous monitoring for the development of active TB.

Our result showing leukopenia as an independent 
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Table 4  Univariate analysis of risk factors for active 
tuberculosis infection after anti-TNF therapy  n  (%)

TB infection + 
(n  = 16)

TB infection - 
(n  = 360)

P  value

Age at anti-TNF (yr)    26 (21-70)     30 (11-76) 0.808
Female    3 (18.8) 118 (32.8) 0.287
Diseases 0.772
   Crohn’s disease  11 (68.8) 266 (73.9)
   Ulcerative colitis    5 (31.3)   94 (26.1)
Diabetes mellitus  1 (6.3) 11 (3.1) 0.411
Anti-TNF agent 0.212
   Infliximab  15 (93.8) 279 (77.5)
   Adalimumab  1 (6.3)   81 (22.5)
LTBI 4 (25) 26 (7.2) 0.031
IM at anti-TNF agent  13 (81.3) 228 (63.3) 0.187
WBC count < 5000 mm3  10 (62.5) 115 (31.9) 0.015

LTBI: Latent tuberculosis infection; IM: Immunomodulator.

Table 5  Multivariate analysis of risk factors for active 
tuberculosis infection after anti-TNF therapy

OR 95%CI P  value

Age at anti-TNF 0.98 0.94-1.02 0.346
Female 1.95 0.53-7.18 0.328
LTBI 5.76 1.57-21.20 0.008
WBC count < 5000 mm3 4.50 1.51-13.44 0.007

LTBI: Latent tuberculosis infection; WBC: White blood cell.
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factor for active TB infection might indicate the synergistic 
risk of the substantial level of immunosuppression in 
anti-TNF users. Anti-TNF blocker plus azathioprine 
combination therapy has been shown to be the 
most effective treatment for IBD[34,35]. A significant 
proportion (87.5%, 14/16) of patients with active TB 
infection had concomitant azathioprine treatment at 
the time of TB diagnosis (Table 3). However, we are 
not certain that the relative leukopenia at the time of 
TB diagnosis is entirely a result of immunomodulator 
therapy alone because leukopenia can be observed in 
some patients with disseminated TB infection, such as 
miliary TB[36]. Mert et al[36] observed leukopenia in 26% 
of miliary TB patients, and this was considered to be 
a poor prognostic sign, although the exact cause was 
not clear[37]. Therefore, the results of our study should 
be interpreted cautiously. 

In contrast to TB in immunocompetent individuals, 
where pulmonary infection is the main manifestation, 
patients who received anti-TNF therapy showed a 
significantly high percentage of extrapulmonary 
disease, at 57%-75%, and 25% had disseminated 

disease[7,38]. Similarly, we determined that the rates of 
extrapulmonary manifestations and miliary TB were 
considerably high at 81.3% and 37.5%, respectively 
(Figure 2B). Furthermore, these patients presented 
a variety of non-specific symptoms, including fever, 
fatigue, abdominal distension, dyspnea, and chest pain 
(Figure 2A). These results suggest that the potential 
diagnosis of active TB infection should be vigilantly 
evaluated when any patient taking an anti-TNF 
inhibitor has these constitutional symptoms aside from 
coughing because the TB manifestations under anti-
TNF therapy are remarkably atypical. 

Most cases of TB related to anti-TNFs are con-
sidered as reactivations of LTBI because it has been 
reported that TB develops early after the initiation 
of TNF blockade, usually within 3-4 mo[9,10]. In the 
present study, however, the median time from the first 
anti-TNF dose to TB diagnosis was 28.7 wk, which was 
longer than previous studies, and a quarter of TB cases 
occurred 1 year after the initiation of anti-TNF agents. 
We presumed that some TB cases in our study might 
represent de novo infection from exposure to other 
TB-infected persons during the course of anti-TNF 
treatment instead of representing reactivation of LTBI. 
This finding is in accordance with another Korean study 
evaluating the TB incidence in AS patients taking anti-
TNFs with a long median time of 21.5 mo[18]. These 
results highlight the recommendation that information 
regarding close contact with TB-infected individuals 
should be rigorously and continuously assessed in 
patients receiving anti-TNF therapy, particularly in 
countries with a significant TB burden such as South 
Korea. Further prospective studies are needed to 
clarify whether periodically repeated screening tests 
for LTBI are effective in this population. 

This study has several limitations. The retrospective 
design is the major limitation. Important information 
regarding contact with active TB patients could not 
be obtained. The WBC count was not systematically 
collected for the analysis of risk factors. The WBC 
counts of non-TB patients were obtained at the last 
follow-up visit, whereas the WBC counts of the TB 
patients were obtained at TB diagnosis. 

In conclusion, anti-TNF inhibitors imply significant TB 
risk in IBD patients residing in areas with an intermediate 
burden of TB infection. The risk of susceptibility to TB 
under anti-TNF therapy is significantly associated with 
LTBI and considerable immunosuppression. Rigorous 
and sustained assessment of TB infection should 
be performed in IBD patients undergoing anti-TNF 
therapy. Further studies to establish the strategy of 
effective TB monitoring in this population are required. 

COMMENTS
Background
Anti-TNF agents are able to favorably change the natural course of 
inflammatory bowel disease (IBD), and these drugs are currently the most 
effective treatment to achieve sustained clinical remission and mucosal healing. 
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Figure 2  Clinical symptoms (A) and involvement locations (B) of active 
tuberculosis infection after anti-TNF therapy in patients with inflammatory 
bowel disease. 
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However, Anti-TNF agents considerably increase the risk of tuberculosis (TB) 
infection.
Research frontiers
Although the use of anti-TNF agents in Korean patients with IBD has recently 
increased, there have been no reports on the risk of active TB infection in this 
population.
Innovations and breakthroughs
In this study, the incidence rate of TB infection was 1997.4 per 100000 person-
years in IBD patients exposed to anti-TNF inhibitors and these rates are much 
higher than the rates found in Western studies. The risk was associated with 
LTBI confirmed by the screening tests and with leukopenia (WBC < 5000 mm3) 
during the follow-up period.
Applications
Rigorous and sustained assessment of TB infection should be performed in IBD 
patients undergoing anti-TNF therapy. Further studies to establish the strategy 
of effective TB monitoring in patients residing in areas with an intermediate 
burden of TB infection are required.
Terminology
Latent TB infection was defined as (1) cases of an abnormal chest X-ray 
without previous complete TB treatment or (2) positive results with tuberculin 
skin test or interferon gamma release assay.
Peer-review
This article presents important data concerning the safety of anti-TNF therapy 
in IBD patients who live in countries with a significant burden of TB infection.

REFERENCES
1 van Assche G, Vermeire S, Rutgeerts P. Mucosal healing and 

anti TNFs in IBD. Curr Drug Targets 2010; 11: 227-233 [PMID: 
20210770]

2 Yang SK, Yun S, Kim JH, Park JY, Kim HY, Kim YH, Chang 
DK, Kim JS, Song IS, Park JB, Park ER, Kim KJ, Moon G, Yang 
SH. Epidemiology of inflammatory bowel disease in the Songpa-
Kangdong district, Seoul, Korea, 1986-2005: a KASID study. 
Inflamm Bowel Dis 2008; 14: 542-549 [PMID: 17941073 DOI: 
10.1002/ibd.20310]

3 Lee KM, Jeen YT, Cho JY, Lee CK, Koo JS, Park DI, Im JP, Park 
SJ, Kim YS, Kim TO, Lee SH, Jang BI, Kim JW, Park YS, Kim 
ES, Choi CH, Kim HJ. Efficacy, safety, and predictors of response 
to infliximab therapy for ulcerative colitis: a Korean multicenter 
retrospective study. J Gastroenterol Hepatol 2013; 28: 1829-1833 
[PMID: 23829336 DOI: 10.1111/jgh.12324]

4 Ye BD, Yang SK, Shin SJ, Lee KM, Jang BI, Cheon JH, Choi 
CH, Kim YH, Lee H. [Guidelines for the management of Crohn’
s disease]. Korean J Gastroenterol 2012; 59: 141-179 [PMID: 
22387837]

5 Choi CH, Kim YH, Kim YS, Ye BD, Lee KM, Lee BI, Jung SA, 
Kim WH, Lee H. [Guidelines for the management of ulcerative 
colitis]. Korean J Gastroenterol 2012; 59: 118-140 [PMID: 
22387836]

6 Askling J, Fored CM, Brandt L, Baecklund E, Bertilsson L, Cöster 
L, Geborek P, Jacobsson LT, Lindblad S, Lysholm J, Rantapää-
Dahlqvist S, Saxne T, Romanus V, Klareskog L, Feltelius N. Risk 
and case characteristics of tuberculosis in rheumatoid arthritis 
associated with tumor necrosis factor antagonists in Sweden. 
Arthritis Rheum 2005; 52: 1986-1992 [PMID: 15986370 DOI: 
10.1002/art.21137]

7 Keane J, Gershon S, Wise RP, Mirabile-Levens E, Kasznica J, 
Schwieterman WD, Siegel JN, Braun MM. Tuberculosis associated 
with infliximab, a tumor necrosis factor alpha-neutralizing agent. 
N Engl J Med 2001; 345: 1098-1104 [PMID: 11596589 DOI: 
10.1056/NEJMoa011110]

8 Mañosa M, Domènech E, Cabré E. Current incidence of active 
tuberculosis in IBD patients treated with anti-TNF agents: still 
room for improvement. J Crohns Colitis 2013; 7: e499-e500 
[PMID: 23689076 DOI: 10.1016/j.crohns.2013.04.021]

9 Jauregui-Amezaga A, Turon F, Ordás I, Gallego M, Feu F, 
Ricart E, Panés J. Risk of developing tuberculosis under anti-TNF 

treatment despite latent infection screening. J Crohns Colitis 2013; 
7: 208-212 [PMID: 22677117 DOI: 10.1016/j.crohns.2012.05.012]

10 Wallis RS, Broder MS, Wong JY, Hanson ME, Beenhouwer DO. 
Granulomatous infectious diseases associated with tumor necrosis 
factor antagonists. Clin Infect Dis 2004; 38: 1261-1265 [PMID: 
15127338 DOI: 10.1086/383317]

11 Gómez-Reino JJ, Carmona L, Valverde VR, Mola EM, Montero 
MD. Treatment of rheumatoid arthritis with tumor necrosis factor 
inhibitors may predispose to significant increase in tuberculosis 
risk: a multicenter active-surveillance report. Arthritis Rheum 
2003; 48: 2122-2127 [PMID: 12905464 DOI: 10.1002/art.11137]

12 Desai SB, Furst DE. Problems encountered during anti-tumour 
necrosis factor therapy. Best Pract Res Clin Rheumatol 2006; 20: 
757-790 [PMID: 16979537 DOI: 10.1016/j.berh.2006.06.002]

13 WHO. Global Tuberculosis Report 2013. [Accessed on Sep 
2, 2014]. Available from: http://www.who.int/tb/publications/
global_report/ed/

14 Seong SS, Choi CB, Woo JH, Bae KW, Joung CL, Uhm WS, Kim 
TH, Jun JB, Yoo DH, Lee JT, Bae SC. Incidence of tuberculosis 
in Korean patients with rheumatoid arthritis (RA): effects of RA 
itself and of tumor necrosis factor blockers. J Rheumatol 2007; 34: 
706-711 [PMID: 17309133]

15 Theis VS, Rhodes JM. Review article: minimizing tuberculosis 
during anti-tumour necrosis factor-alpha treatment of inflammatory 
bowel disease. Aliment Pharmacol Ther 2008; 27: 19-30 [PMID: 
17944997 DOI: 10.1111/j.1365-2036.2007.03553.x]

16 Clinical Practice Guidelines for Tuberculosis, Seoul, Korea: Korea 
Centers for Disease Control and Prevention, 2011. Accessed July 
16, 2014. Available from: URL: http://www.lungkorea.org/image/
mail/file 11017.pdf/

17 Solovic I, Sester M, Gomez-Reino JJ, Rieder HL, Ehlers S, 
Milburn HJ, Kampmann B, Hellmich B, Groves R, Schreiber S, 
Wallis RS, Sotgiu G, Schölvinck EH, Goletti D, Zellweger JP, Diel 
R, Carmona L, Bartalesi F, Ravn P, Bossink A, Duarte R, Erkens C, 
Clark J, Migliori GB, Lange C. The risk of tuberculosis related to 
tumour necrosis factor antagonist therapies: a TBNET consensus 
statement. Eur Respir J 2010; 36: 1185-1206 [PMID: 20530046 
DOI: 10.1183/09031936.00028510]

18 Kim EM, Uhm WS, Bae SC, Yoo DH, Kim TH. Incidence of 
tuberculosis among korean patients with ankylosing spondylitis 
who are taking tumor necrosis factor blockers. J Rheumatol 2011; 
38: 2218-2223 [PMID: 21844149 DOI: 10.3899/jrheum.110373]

19 Li X, Li T, Tan S. Males, ages ≥ 45 years, businessperson, 
floating population, and rural residents may be considered high-
risk groups for tuberculosis infection in Guangzhou, China: a 
review of 136,394 tb confirmed cases. Rev Inst Med Trop Sao 
Paulo 2013; 55: 366-368 [PMID: 24037294 DOI: 10.1590/
S0036-46652013000500013]

20 Memish ZA, Bamgboye EA, Abuljadayel N, Smadi H, Abouzeid 
MS, Al Hakeem RF. Incidence of and risk factors associated with 
pulmonary and extra-pulmonary tuberculosis in Saudi Arabia 
(2010-2011). PLoS One 2014; 9: e95654 [PMID: 24824783 DOI: 
10.1371/journal.pone.0095654]

21 Vaughn BP, Doherty GA, Gautam S, Moss AC, Cheifetz AS. 
Screening for tuberculosis and hepatitis B prior to the initiation 
of anti-tumor necrosis therapy. Inflamm Bowel Dis 2012; 18: 
1057-1063 [PMID: 21953829 DOI: 10.1002/ibd.21824]

22 Mow WS, Abreu-Martin MT, Papadakis KA, Pitchon HE, Targan 
SR, Vasiliauskas EA. High incidence of anergy in inflammatory 
bowel disease patients limits the usefulness of PPD screening 
before infliximab therapy. Clin Gastroenterol Hepatol 2004; 2: 
309-313 [PMID: 15067625]

23 Ponce de León D, Acevedo-Vásquez E, Sánchez-Torres A, Cucho 
M, Alfaro J, Perich R, Pastor C, Harrison J, Sánchez-Schwartz C. 
Attenuated response to purified protein derivative in patients with 
rheumatoid arthritis: study in a population with a high prevalence 
of tuberculosis. Ann Rheum Dis 2005; 64: 1360-1361 [PMID: 
16100342 DOI: 10.1136/ard.2004.029041]

24 Mazurek GH, Jereb J, Vernon A, LoBue P, Goldberg S, Castro K. 
Updated guidelines for using Interferon Gamma Release Assays to 

3315 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

Kim ES et al . Tuberculosis risk after anti-TNF therapy in patients with IBS



detect Mycobacterium tuberculosis infection - United States, 2010. 
MMWR Recomm Rep 2010; 59: 1-25 [PMID: 20577159]

25 Song GG, Bae SC, Lee YH. Interferon-gamma release assays 
versus tuberculin skin testing in patients with rheumatoid arthritis. 
Int J Rheum Dis 2013; 16: 279-283 [PMID: 23981748 DOI: 
10.1111/1756-185X.12098]

26 Papay P, Eser A, Winkler S, Frantal S, Primas C, Miehsler 
W, Novacek G, Vogelsang H, Dejaco C, Reinisch W. Factors 
impacting the results of interferon-γ release assay and tuberculin 
skin test in routine screening for latent tuberculosis in patients with 
inflammatory bowel diseases. Inflamm Bowel Dis 2011; 17: 84-90 
[PMID: 20722065 DOI: 10.1002/ibd.21427]

27 Kim BJ, Choi YS, Jang BI, Park YS, Kim WH, Kim YS, Jung SA, 
Han DS, Kim JS, Choi JH, Choi CH, Jeen YT, Cheon JH, Ye BD, 
Yang SK, Kim YH. Prospective evaluation of the clinical utility 
of interferon-γ assay in the differential diagnosis of intestinal 
tuberculosis and Crohn’s disease. Inflamm Bowel Dis 2011; 17: 
1308-1313 [PMID: 21053248 DOI: 10.1002/ibd.21490]

28 Carmona L, Gómez-Reino JJ, Rodríguez-Valverde V, Montero D, 
Pascual-Gómez E, Mola EM, Carreño L, Figueroa M. Effectiveness 
of recommendations to prevent reactivation of latent tuberculosis 
infection in patients treated with tumor necrosis factor antagonists. 
Arthritis Rheum 2005; 52: 1766-1772 [PMID: 15934089 DOI: 
10.1002/art.21043]

29 Winthrop KL. Risk and prevention of tuberculosis and other 
serious opportunistic infections associated with the inhibition of 
tumor necrosis factor. Nat Clin Pract Rheumatol 2006; 2: 602-610 
[PMID: 17075599 DOI: 10.1038/ncprheum0336]

30 Sichletidis L, Settas L, Spyratos D, Chloros D, Patakas D. 
Tuberculosis in patients receiving anti-TNF agents despite 
chemoprophylaxis. Int J Tuberc Lung Dis 2006; 10: 1127-1132 
[PMID: 17044206]

31 Choi JC, Lim SY, Suh GY, Chung MP, Kim H, Kwon OJ, 
Lee NY, Park YK, Bai GH, Koh WJ. Drug resistance rates of 
Mycobacterium tuberculosis at a private referral center in Korea. J 
Korean Med Sci 2007; 22: 677-681 [PMID: 17728509]

32 Lee SW, Jeon K, Kim KH, Min KH. Multidrug-resistant 
pulmonary tuberculosis among young Korean soldiers in a 
communal setting. J Korean Med Sci 2009; 24: 592-595 [PMID: 
19654938 DOI: 10.3346/jkms.2009.24.4.592]

33 Rahier JF, Ben-Horin S, Chowers Y, Conlon C, De Munter P, D’
Haens G, Domènech E, Eliakim R, Eser A, Frater J, Gassull M, 
Giladi M, Kaser A, Lémann M, Moreels T, Moschen A, Pollok R, 
Reinisch W, Schunter M, Stange EF, Tilg H, Van Assche G, Viget 
N, Vucelic B, Walsh A, Weiss G, Yazdanpanah Y, Zabana Y, Travis 
SP, Colombel JF. European evidence-based Consensus on the 
prevention, diagnosis and management of opportunistic infections 
in inflammatory bowel disease. J Crohns Colitis 2009; 3: 47-91 
[PMID: 21172250 DOI: 10.1016/j.crohns.2009.02.010]

34 Panaccione R, Ghosh S, Middleton S, Márquez JR, Scott BB, 
Flint L, van Hoogstraten HJ, Chen AC, Zheng H, Danese S, 
Rutgeerts P. Combination therapy with infliximab and azathioprine 
is superior to monotherapy with either agent in ulcerative colitis. 
Gastroenterology 2014; 146: 392-400.e3 [PMID: 24512909 DOI: 
10.1053/j.gastro.2013.10.052]

35 Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ, 
Kornbluth A, Rachmilewitz D, Lichtiger S, D’Haens G, Diamond 
RH, Broussard DL, Tang KL, van der Woude CJ, Rutgeerts P. 
Infliximab, azathioprine, or combination therapy for Crohn’s 
disease. N Engl J Med 2010; 362: 1383-1395 [PMID: 20393175 
DOI: 10.1056/NEJMoa0904492]

36 Mert A, Bilir M, Tabak F, Ozaras R, Ozturk R, Senturk H, Aki 
H, Seyhan N, Karayel T, Aktuglu Y. Miliary tuberculosis: clinical 
manifestations, diagnosis and outcome in 38 adults. Respirology 
2001; 6: 217-224 [PMID: 11555380]

37 Maartens G, Willcox PA, Benatar SR. Miliary tuberculosis: rapid 
diagnosis, hematologic abnormalities, and outcome in 109 treated 
adults. Am J Med 1990; 89: 291-296 [PMID: 2393033]

38 Wolfe F, Michaud K, Anderson J, Urbansky K. Tuberculosis 
infection in patients with rheumatoid arthritis and the effect of 
infliximab therapy. Arthritis Rheum 2004; 50: 372-379 [PMID: 
14872478 DOI: 10.1002/art.20009]

P- Reviewer: Fujimori S    S- Editor: Qi Y    L- Editor: A    
E- Editor: Zhang DN

3316 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

Kim ES et al . Tuberculosis risk after anti-TNF therapy in patients with IBS



Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i11.3317

World J Gastroenterol  2015 March 21; 21(11): 3317-3324
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.

3317 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

High neutrophil-lymphocyte ratio indicates poor prognosis 
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Abstract
AIM: To investigate the significance of pre-transplant 

neutrophil-lymphocyte ratio (NLR) in determining the 
prognosis of liver transplant (LT) recipients with acute-
on-chronic liver failure (ACLF).

METHODS: Data were collected from the liver 
transplantation data bank. The NLR values and other 
conventional inflammatory markers were evaluated for 
their ability to predict the prognosis of 153 patients 
with ACLF after LT. The NLR cut-off value was based 
on a receiver operating characteristic curve analysis. 
A Kaplan-Meier curve analysis and univariate and 
multivariate Cox regression models were used to define 
the independent risk factors for poor outcomes.

RESULTS: The optimal NLR cut-off value was 4.6. Out 
of 153 patients, 83 (54.2%) had an NLR ≥ 4.6. The 1-, 
3-, and 5-year overall survival rates were 94.3%, 92.5% 
and 92.5%, respectively, in the normal NLR group and 
74.7%, 71.8% and 69.8%, respectively, in patients 
with high NLRs (P  < 0.001). Furthermore, there was a 
significant difference in infectious complications after LT 
between the high and normal NLR groups. There were 
no significant differences for other complications. In 
the multivariate Cox regression model, a high NLR was 
defined as a significant predictor of poor outcomes for 
LT.

CONCLUSION: A high NLR is a convenient and 
available predictor for prognosis of LT patients and can 
potentially optimize the current criteria for LT in ACLF.

Key words: Liver transplantation; Acute-on-chronic liver 
failure; Neutrophil-lymphocyte ratio; Acute liver failure; 
Inflammation

© The Author(s) 2015. Published by Baishideng Publishing 
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Core tip: In China, because of a great many patients 
with hepatitis B, liver donation is far away from filling in 
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the need of liver transplantation. Therefore, improving 
the prognosis of liver transplant (LT) is a hot issue. 
However, the criteria of LT for acute-on-chronic liver 
failure (ACLF) are according to acute liver failure, 
and about 20% of liver recipients are still have poor 
survival outcomes. The pre-transplant high neutrophil-
lymphocyte ratio is a reflection of suboptimal patient 
conditions and immune response disorder, which 
could precisely predict the prognosis of LT. This result 
potentially was applied to select appropriate candidates 
for LT and even improve the current criteria of LT for 
ACLF.

Lin BY, Zhou L, Geng L, Zheng ZY, Jia JJ, Zhang J, Yao J, Zheng 
SS. High neutrophil-lymphocyte ratio indicates poor prognosis 
for acute-on-chronic liver failure after liver transplantation. World 
J Gastroenterol 2015; 21(11): 3317-3324  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v21/i11/3317.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v21.i11.3317

INTRODUCTION
Acute-on-chronic liver failure (ACLF) is a serious 
condition with a varied etiology that depends on 
the geographic region and population; in addition, 
ACLF patients have an inordinately high mortality 
rate due to rapid disease progression and multiple 
organ dysfunction resulting from deterioration in liver 
function[1]. In China, the high prevalence of hepatitis 
B accounts for more than 80% of chronic liver 
diseases, which can progress to ACLF[2]. The primary 
precipitating events responsible for ACLF are quite 
distinct in the West and the East. Alcohol and drugs 
are largely responsible for acute insults in the West, 
whereas infectious incidents are most common in the 
East[3]. Some patients respond well to appropriate 
management and can be discharged from hospital 
quickly; however, a considerable proportion of patients 
develop complications of cirrhosis and multiple organ 
dysfunction. These symptoms are often recommended 
as a suitable indication for liver transplantation (LT). 
Moreover, several reports have revealed that LT is a 
convincing choice to improve the prognosis of ACLF 
patients[4,5]. However, the long-term mortality rate still 
reaches approximately 20% after LT for ACLF, and a 
generalizable set of selection criteria for LT remains 
lacking. 

The predictive significance of several scoring 
systems that address the severity of chronic liver 
disease with respect to the prognosis of ACLF patients 
was evaluated[6]. The results revealed that the Model 
of End Stage Liver Disease (MELD)[7] or the Child-
Pugh score[8] was similar to the Acute Physiology, 
Age and Chronic Health Evaluation (APACHE)[9] and 
the Sequential Organ Failure Assessment (SOFA)[10]. 
Thus, liver function is not the main factor affecting 
the outcomes of cirrhotic patients with ACLF. To our 

knowledge, the majority of ACLF patients who were 
currently receiving positive supportive treatments 
before LT, such as an artificial liver support system, 
were in relatively stable condition and did not show 
severe clinical manifestations of extrahepatic organ 
failure during LT. Predictably, the organ failure 
scores, such as the APACHE Ⅱ and SOFA, may be 
less helpful in predicting long-term survival following 
LT, which is consistent with a report by Binwei et al[11]. 
Therefore, an accurate biomarker to identify the 
benefits of LT for ACLF that facilitates organ allocation 
is needed.

Cytokines and inflammatory molecules play 
significant roles in the rapid development of ACLF[12]. 
Previous data have revealed that ACLF patients 
occasionally exhibited clinical manifestations of 
systemic inflammatory response syndrome (SIRS) 
and that the SIRS was associated with a pro-
inflammatory milieu that exacerbated the previous 
circulatory disturbance caused by cirrhosis, which 
led to inadequate tissue perfusion and multiple 
organ failure[1,12,13]. In addition, SIRS is a significant 
independent determinant factor for outcomes of liver 
cirrhosis patients with acute renal failure[14]. SIRS was 
first defined in 1992; however, this characterization 
was a conglomeration of very crude and simple clinical 
and hematological measures using temperature, 
respiratory and heart rates, and absolute peripheral 
white cell counts[15]. Neutrophil amplification and 
lymphocytopenia are physiological responses to 
adverse stressful events, and a high neutrophil-
lymphocyte ratio (NLR) implies the presence of 
subclinical inflammation. The NLR is normally relatively 
stable; an increased NLR has recently been suggested 
to indicate immune disorders and SIRS[16]. An elevated 
NLR inversely correlates with the overall and cancer-
specific survival rates of various malignancies and the 
prognoses of non-tumorous diseases[17-21]. In addition, 
researchers explored the feasibility of expanding the LT 
pool for hepatic carcinoma (HCC) using the NLR[22,23]. 
Thus, the effect of pre-transplant NLR on ACLF patients 
after LT is warranted. 

The aim of this study was to determine the utility 
of conventional inflammatory markers and the NLR in 
predicting the long-term survival outcomes of patients 
with ACLF following LT. We also determined the 
association between NLR and complications after LT. 

MATERIALS AND METHODS
Ethics statement
The study was performed according to the ethics 
guidelines of the Declaration of Helsinki in 1975 and 
was approved by the ethics committee of Zhejiang 
University. Informed written consent was obtained 
from all patients.

Study objectives and data collection
The definition of ACLF used in this study conforms 

Lin BY et al . Liver transplantation for acute-on-chronic liver failure

3318 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com



to the recommendation provided by the Asian 
Pacific Association for the study of the liver (APASL). 
Specifically, ACLF was defined as “acute hepatic insult 
manifesting as jaundice and coagulopathy, complicated 
within 4 wk by ascites and/or encephalopathy in a 
patient with previously diagnosed or undiagnosed 
chronic liver disease”[3]. Patients who were 18 years of 
age or older and met the aforementioned diagnostic 
criteria between January 2004 and December 2012 
were enrolled in this study. The operative methods 
for LT depended on the origin of the donor liver 
and included both donation after cardiac death 
liver transplantation (DCDLT) and live donor liver 
transplantation (LDLT). The eligibility criteria of LT 
followed the standard King’s College Hospital criteria. 
To exclude the impact of potential infections, patients 
with high pre-transplant white blood cell counts were 
withdrawn from the study. To reduce the heterogeneity 
of patients with ACLF, some patients were precluded 
from the study because their chronic liver diseases 
underlying ACLF were not caused by hepatitis B. 
Additional criteria were used to preclude subjects: (1) 
HCC confirmed by pathologic examination after LT; (2) 
loss to follow-up; (3) history of steroid administration 
that could influence the NLR before LT; and (4) 
presence of an ABO-incompatible LT with controversial 
survival outcomes. The primary precipitating events 
included recurrent hepatitis B, alcohol abuse, infection 
and upper gastrointestinal hemorrhage. 

The demographics of patients, operative variables, 
preoperative treatments and clinical course were 
prospectively collected via the hospital information 

collection system of the LT database at the First 
Affiliated Hospital of Zhejiang University School of 
Medicine. Venous blood samples were routinely taken 
the day prior to LT, and the cut-off and predictive 
values of the NLR, white blood cells, neutrophils, 
lymphocytes, monocytes, lymphocyte-monocyte 
ratio (LMR) and platelet-lymphocyte ratio (PLR) were 
defined using a receiver operating characteristic (ROC) 
curve analysis. All patients were divided into one of 
two groups based on either high or normal NLR. The 
demographics and clinical characteristics of the two 
groups are presented in Table 1.

Management after LT and subsequent surveillance
The patients were followed closely by the outpatient 
service or communication system from the date of 
hospital discharge to the date of death or the last 
follow-up visit. Graft function was monitored using 
biochemical tests, ultrasonography, emission computed 
tomography and liver puncture every 3 mo for 2 years 
post-transplant and every 6 months thereafter. 

The immunosuppression protocol following LT 
consisted of tacrolimus, basiliximab and mycophenolate 
mofetil. Antibiotics for trigemini with piperacillin-
tazobactam, fluconazole and ganciclovir were administered 
immediately after the surgery as an anti-infection 
strategy. To prevent the recurrence of hepatitis 
B, all liver recipients were treated with low-dose 
immunoglobulin and oral lamivudine.

Statistical analysis
Overall survival (OS) and graft survival (GS) were 
calculated from the date of surgery until death or graft 
dysfunction, respectively. The optimal cut-off values for 
high NLR, WBC, neutrophil, lymphocyte and monocyte 
counts, PLR and LMR were evaluated using an ROC 
curve analysis. Potential predictive factors were 
assessed using Kaplan-Meier curves and the log-rank 
test. Preoperative factors that reached significance (p 
< 0.10) for OS or GS in the univariate analysis were 
entered into a multivariate analysis model using the 
Cox proportional hazards model (backward selection 
likelihood function) to determine their independent 
effects. Fisher’s exact test, independent sample t-test 
and Pearson’s χ 2 test were performed to assess the 
differences in the clinicopathologic factors of ACLF 
patients with high and normal NLRs. The confidence 
interval (CI) was set at 95%, and the cut-off value for 
statistical significance was p < 0.05. All data analyses 
were conducted with SPSS ver. 19.0 for Windows (SPSS 
Company, Chicago, Illinois, United States). 

RESULTS
Patient demographics and outcomes
Of the 153 adult patients who underwent LT for ACLF 
during the study period, 97 (63.4%) were men and 
56 (36.6%) were women. The mean age of patients 
was 46.1 years (range: 24-72 years) at transplant. 
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Table 1  Patient characteristics (P  values indicate differences 
between two groups)

Variable High NLR 
(n  = 83)

Normal NLR 
(n  = 70)

P  value

Age (yr), mean ± SD 43.9 ± 14.9 48.6 ± 15.3   0.059
Gender   0.585
  Male 51 46
  Female 32 24
WBC (/pL) (6.87 ± 2.37) (4.76 ± 2.56) < 0.001
Neutrophil (/pL) (5.87 ± 2.43) (2.80 ± 1.77) < 0.001
Lymphocyte (/pL) (0.55 ± 0.28) (1.21 ± 0.81) < 0.001
Monocyte (/pL) (0.53 ± 0.35) (0.52 ± 0.34)    0.900
PLR   129.33 ± 101.44   60.94 ± 33.53 < 0.001
LMR   1.33 ± 0.97   3.69 ± 4.72 < 0.001
Albumin 32.71 ± 6.92 32.41 ± 6.24   0.779
Serum creatinine > 133 15   9   0.377
AFP > 25 35 15   0.006
Total bilirubin (μmol/L)   419.75 ± 223.78   301.01 ± 182.62   0.001
MELD score 31.01 ± 7.19 28.63 ± 7.26   0.046
INR   2.67 ± 1.33   2.57 ± 1.05   0.605
Diabetes   8   3   0.202
Hypertension   8   0   0.021
HE 36 21   0.088
Child-Pugh scores 11.29 ± 1.16 11.37 ± 1.39   0.690
Total ischemia time (min)   293.91 ± 241.78   255.82 ± 264.47   0.358

WBC: White blood cell; PLR: Platelet-lymphocyte ratio; LMR: Lymphocyte-
monocyte ratio; AFP: Alpha feto protein; MELD: Model for end-stage liver 
disease; INR: International normalized ratio; HE: Hepatic encephalopathy.
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respectively).

Predictive variables for OS, GS and complications
To determine whether the aforementioned blood 
parameters could serve as predictors for survival 
outcomes of ACLF patients following LT, we performed 
a univariate analysis. We found that an MELD score ≥ 
28, NLR ≥ 4.6 and Scr > 133 were all preoperative 
risk factors of poor OS (Table 2). Of 153 patients, 83 
(54.2%) had an NLR ≥ 4.6, and 24 (15.7%) had a 
high Scr. The respective 1-, 3-, and 5-year OS rates 
were 94.3%, 92.5% and 92.5% in the normal NLR 
group and 74.7%, 71.8% and 69.8% in the high 
NLR group (p < 0.001, Figure 1). In addition, the 1-, 
3- and 5-year OS rates were significantly higher in 
the normal Scr group (86.8%, 84.9% and 84.9%, 
respectively) when compared with the high Scr group 
(62.5%, 62.5% and 55.6%, respectively); (p < 0.001, 
Figure 2). These three factors were selected for further 
multivariate analysis. The results showed that a MELD 
≥ 28 did not reach statistical significance; however, a 
high NLR and increased Scr maintained their predictive 
value (Table 3). Patients who presented with a normal 
NLR and a normal Scr showed favorable survival 

Seventy-nine (51.6%) patients received pre-transplant 
artificial liver support. The median international 
normalized ratio, total bilirubin, MELD score and Child 
Turcotte Pugh score were 2.5, 337 μmol/L, 28 and 11, 
respectively. Increased alpha fetoprotein and serum 
creatinine (Scr) were detected in 50 and 24 patients, 
respectively. A total of 57 (37.25%) subjects suffered 
hepatic encephalopathy at diagnosis. DCDLT and LDLT 
were performed in 129 and 24 patients, respectively. 
The median total ischemia time was 254 min.

Death was confirmed for 30 patients, and 6 
patients underwent a second LT during follow-up. The 
main cause of death, which occurred in 20 patients, 
was sepsis/multi-organ dysfunction. Other causes 
of death included liver failure secondary to chronic 
rejection in 2 patients, gastrointestinal bleeding in 3 
patients, recurrent hepatitis B in 2 patients, biliary 
complications in 2 patients and heart attack in 1 
patient. The median follow-up time was 47.7 mo 
(range: 0.01-121 mo). The 1-, 3- and 5-year OS rates 
were 82.9%, 80.4% and 79.4%, respectively, and the 
GS rates were 81.7%, 76.8% and 75.8%, respectively.

Suitable cut-off value for NLR
The peripheral WBC, neutrophil, lymphocyte and 
monocyte counts, albumin, NLR, PLR and LMR are 
commonly considered as a reflection of immune 
function. Hence, these blood parameters were selected 
as candidates for predicting outcomes of ACLF patients 
after LT. The areas under the ROC curves for peripheral 
WBC, neutrophil, lymphocyte and monocyte counts, 
PLR, LMR and NLR were 0.542, 0.564, 0.397, 0.556, 
0.425, 0.483 and 0.736, respectively. An NLR value of 
4.6 presented a sensitivity of 76.7% and a specificity 
of 65.9%. This cut-off was used to divide patients 
into high and normal NLR groups (≥ 4.6 and < 4.6, 
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Table 2  Univariate analysis of variables affecting overall 
survival after liver transplant

Variable (cut-off value/median/n) P  value HR (95%CI)

Gender 
Male (n = 97)    0.370 1.429 (0.655-3.121)
Female (n = 56)    0.503 0.774 (0.366-1.638)
Age (46 yr) < 0.001 4.860 (1.857-12.719)
NLR (4.6)    0.288 0.631 (0.270-1.475)
Albumin (35 g/L)    0.163 1.683 (0.809-3.500)
Total bilirubin (337 μmol/L)    0.010 3.251 (1.328-7.958)
MELD score (28)    0.824 0.912 (0.406-2.050)
Child-Pugh score (11)    0.360 1.371 (0.697-2.695)
INR (2.5) < 0.001 3.823 (1.813-8.062)
Serum creatinine (133 μmol/L)    0.475 1.545 (0.468-5.100)
Pretransplant diabetes (11)    0.686 0.662 (0.090-4.873)
Hypertension before LT (8)    0.629 1.198 (0.576-2.491)
HE (57)    0.286 0.63 (0.27-1.472)
AFP (25 μg/L)

NLR: Neutrophil lymphocyte ratio; PLR: Platelet-lymphocyte ratio; LMR: 
Lymphocyte-monocyte ratio; AFP: Alpha feto protein; MELD: Model for 
end-stage liver disease; INR: International normalized ratio; HE: Hepatic 
encephalopathy. 

Figure 1  Kaplan-Meier results for overall survival and graft survival for 
patients classified according to their preoperative neutrophil-lymphocyte 
ratios. NLR: Neutrophil-lymphocyte ratio.
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outcomes. The 1-, 3- and 5-year OS rates were up 
to 98.4%, 96.4% and 96.4%, respectively. Liver 
recipients with high NLRs and increased Scr presented 
with extremely adverse prognoses. The 1-, 3- and 
5-year OS rates decreased to 60.0%, 60.0% and 
50.0%, respectively (Figure 3).

The main complications after LT consisted of 
hyperglycemia, infectious diseases, hyperlipidemia, 
gastrointestinal hemorrhage, recurrent hepatitis B, 
biliary and neural complications, graft-vs-host disease 
and acute rejection. A total of 18 subjects showed 
acute rejection after LT as determined by pathologic 
findings according to the Banff criteria. Subsequent 
augmentative steroid administration was effective. 
The number of infectious complications in the high 
NLR group was greater when compared with the 
normal NLR group; however, there were no significant 
differences in other complications after LT (Figure 4).

DISCUSSION
In ACLF, both chronic and acute insults coincide. It 
is unclear how the survival outcome of the patient 
is influenced by the degree of acute and/or chronic 
insults in ACLF patients; however, a high mortality 

rate is clearly evident. According to the data of Jalan 
et al[1], the in-hospital mortality for ACLF ranged 
from 43% to 88%, and the intensive care unit (ICU) 
mortality ranged from 37% to 89%. Completion of 
LDLT or DDLT for ACLF showed encouraging post-
transplant prognoses[5,11,24]. The King’s College Hospital 
criteria are the most widely applied selection criteria 
for LT in acute liver failure with a high prognostic 
value, and it was also recommended for ACLF by 
APASL; however, the predictive value in ACLF requires 
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Figure 2  Kaplan-Meier results for overall survival and graft survival for 
patients classified according to their preoperative serum creatinine. Scr: 
Serum creatinine.

Table 3  Multivariate analysis of factors affecting overall 
survival after liver transplant for acute-on-chronic liver failure

Variable P  value HR (95%CI)

NLR ≥ 4.6 0.003   4.305 (1.637-11.322)
Serum creatinine ≥ 133 0.003 3.141 (1.486-6.639)
MELD ≥ 28 0.242 1.793 (0.674-4.766)

NLR: Neutrophil-lymphocyte ratio; MELD: Model for end-stage liver 
disease.
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Figure 3  Kaplan-Meier results for overall survival and graft survival for 
patients with high serum creatinine and high neutrophil-lymphocyte 
ratios. The 1-, 3- and 5-year overall survival rates, respectively, were 98.4%, 
96.4% and 96.4% in the A group (NLR < 4.6 and normal Scr), 66.7%, 66.7% 
and 66.7% in the B group (NLR < 4.6 and high Scr), 77.9%, 74.4% and 74.4% 
in the C group (NLR ≥ 4.6 and normal Scr), 60.0%, 60.0% and 50.0% in the D 
group (NLR ≥ 4.6 and high Scr). NLR: Neutrophil-lymphocyte ratio; Scr: Serum 
creatinine.
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further validation[25,26]. To facilitate graft allocation, it is 
important to establish clear selection criteria to define 
which candidates would most benefit from LT. 

 The imbalanced expression of both anti-inflammatory 
and pro-inflammatory cytokines contributes to the 
immunopathogenesis of ACLF[27-29]. Sen et al[28] de-
scribed that multiple pro-inflammatory cytokines, 
including tumor necrosis factor (TNF)-α, interleukin 
(IL)-2, IL-6, and IL-8, were elevated in ACLF patients. 
Zou et al[29] revealed that interferon (INF)-γ, TNF-α 
and IL-10 were markedly up-regulated in ACLF when 
compared with chronic hepatitis B patients and normal 
controls. As a marker of immune disorders, patients 
with high NLRs presented worse clinical conditions 
before LT in our study. Furthermore, we found that 
patients with normal NLRs presented better survival 
outcomes when compared with patients that had 
elevated NLRs. However, other inflammatory markers 
did not show predictive effects. This study is the first 
to identify a relationship between increased NLR and 
poor outcomes of patients with ACLF after LT. The 
5-year survival rate reached 92.5% in LT patients 
with normal NLRs, which validated the use of NLR as 
an indicator for selecting LT candidates. Although 4.6 
was the optimal cut-off value in our study, the cut-off 
value of NLR has varied in previously reported articles; 
however, as expected, a greater value correlates with 
a worse prognosis. Therefore, the results and the 
optimal value of the NLR need to be further confirmed 
through prospective studies with larger sample sizes.

The precise mechanism underlying how the NLR 
affects OS remains unclear. We found that the main 
cause of death was sepsis/multiple organ failure. Of 
the 25 subjects with high NLRs who died, 18 (72%) 
showed sepsis/multiple organ failure. Furthermore, 
elevated NLRs were associated with infectious 
complications. A total of 18 patients (21.69%) 

presented with infectious complications postoperatively 
in the high NLR group; however, only 6 (8.57%) 
cases presented with this complication in the normal 
NLR group (p = 0.026). These results provide a 
possible explanation for high NLR resulting in a worse 
prognosis. Furthermore, previous studies revealed 
that SIRS and immunological dissonance were 
associated with multiple organ dysfunction syndrome 
and secondary infectious complications[30]. In our 
study, the majority of study subjects with high NLRs 
also possessed lower lymphocyte counts and higher 
neutrophil counts compared with normal NLR patients. 
Therefore, marked neutrophilia and lymphocytopenia 
were considered to be physiological responses of 
the immune system to various stressful events, and 
NLR can express the severity of affliction. Zahorec[16] 
suggested that NLR can be routinely applied to clinical 
ICU practice as an additional index for infection. 
Lymphocytes have an important role in the host 
immune system, and a lymphocytopenia-impaired 
immune response to pathogens showed a positive 
correlation with bacteremia[16,31,32]. However, patients 
with acute or chronic hepatitis commonly presented 
with intestinal endotoxemia[33,34]. Several reports 
have disclosed that endotoxins significantly decrease 
the phagocytic capacity of neutrophils and induce a 
functionally heterogeneous neutrophil compartment 
that increases the susceptibility to infection[35]. In 
addition, Yang et al[36] demonstrated that neutrophils 
unexpectedly inhibited protective immune responses in 
fatal bacterial infection-induced toxic shock. These data 
explain why high NLR patients with pro-inflammatory 
milieu are prone to infection.

A high NLR is currently regarded as an available 
indicator of SIRS because it closely correlates with 
the presence of system inflammation[16]. SIRS is a 
common insult that precipitates liver dysfunction in a 
patient with previously compensated liver diseases. 
Moreover, the mortality rates of patients with cirrhosis 
or acute liver failure are higher with the presentation 
of SIRS[37-39]. SIRS is an earlier stage of multiple 
organ dysfunction and represents serious immune 
response dysfunction; thus, the presence of SIRS 
promotes postoperative infection and negative survival 
outcomes. The factors affecting the NLR consisted of 
underlying liver diseases, infection and steroidal drugs. 
Patients with these factors were excluded from the 
study. Therefore, we did not assess the relationship 
between NLR and SIRS in this study due to the 
absence of complete white blood cell counts. 

In addition to the elevated NLR, high Scr was also 
an independent adverse factor for prognosis in ACLF 
patients after LT. Of the 24 patients with high Scr 
levels, 13 (54.2%) died. Moreover, liver recipients 
with high NLRs and increased Scr presented the 
worst survival outcomes. The 1-, 3- and 5- year 
survival rates were 60.0%, 60.0% and 50.0%, 
respectively. Although there was poor sensitivity for 
Scr to determine the extent of renal dysfunction[40], 
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Figure 4  Incidence of postoperative complications in patients and the 
relationship between complications and neutrophil-lymphocyte ratio. 
NLR: Neutrophil-lymphocyte ratio; GVHD: Graft-vs-host disease.
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the results revealed that markers of pre-transplant 
extrahepatic organ dysfunction can affect LT prognosis. 
Thus, these markers combined with NLR would provide 
effective predictive value. 

Notably, there were several inevitable limitations 
of this study. First, only 24 (15.7%) liver recipients 
showed high Scr levels. Further analyses and larger 
sample sizes are needed. In addition, lymphocyte and 
neutrophil subsets were not routinely measured before 
LT. Hence, basic contributing mechanisms require 
further assessment.

In summary, high NLR corresponded to the severity 
of pre-transplant chronic liver diseases and immune 
disorders, and it showed powerful predictive value 
compared with general inflammatory markers. ACLF 
patients with high NLRs presented poorer OS and GS 
after LT. Neutrophil paralysis and lymphocytepenia 
promote infections that may result in poorer outcomes 
in ACLF patients with high NLRs following LT.

COMMENTS
Background
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Abstract
AIM: To compare the number of regulatory T-cells 
(Tregs) measured by flow cytometry with those 
obtained using a real-time quantitative PCR (qPCR) 
method in patients suffering from inflammatory bowel 
disease (IBD).

METHODS: Tregs percentages obtained by both flow 
cytometry and qPCR methods in 35 adult IBD patients, 
18 out of them with Crohn´s disease (CD) and 17 with 
ulcerative colitis (UC) were compared to each other as 
well as to scores on two IBD activity questionnaires 
using the Harvey Bradshaw Index (HBI) for CD patients 
and the Simple Colitis Clinical Activity Index (SCCAI) for 
UC patients. The Treg percentages by flow cytometry 
were defined as CD4+CD25highCD127lowFOXP3+ cells in 
peripheral blood mononuclear cells, whereas the Treg 
percentages by qPCR method were determined as 
FOXP3 promoter demethylation in genomic DNA.

RESULTS: We found an average of 1.56% ± 0.78% 
Tregs by using flow cytometry, compared to 1.07% 
± 0.53% Tregs by using qPCR in adult IBD patients. 
There were no significant correlations between either 
the percentages of Tregs measured by flow cytometry 
or qPCR and the HBI or SCCAI questionnaire scores in 
CD or UC patients, respectively. In addition, there was 
no correlation between Treg percentages measured 
by qPCR and those measured by flow cytometry (r  = 
-0.06, P  = 0.73; Spearman Rho). These data suggest 
that, either Treg-related immune function or the 
clinical scores in these IBD patients did not accurately 
reflect actual disease activity. Until the cause(s) for 
these differences are more clearly defined, the results 
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suggest caution in interpreting studies of Tregs in 
various inflammatory disorders.

CONCLUSION: The two methods did not produce 
equivalent measures of the percentage of total Tregs 
in the IBD patients studied which is consistent with 
the conclusion that Tregs subtypes are not equally 
detected by these two assays.

Key words: Regulatory T-cells; Inflammatory bowel 
disease; Crohn´s disease; Ulcerative colitis; Method 
comparison
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Core tip: In our study neither regulatory T-cells (Tregs) 
percentages measured by flow cytometry defined as 
CD4+CD25highCD127lowFOXP3+ cells in peripheral blood 
mononuclear cells or by real-time PCR measured as 
forkhead box P3 promoter demethylation in genomic 
DNA correlated with self-reported inflammatory 
bowel disease activity. This suggests that either Treg-
related immune function or the clinical scores did not 
accurately reflect actual disease activity. We conclude 
that natural and induced Tregs are not equally 
detected by the assays applied.

Brandhorst G, Petrova DT, Weigand S, Eberle C, von Ahsen N, 
Schmitz J, Schultze FC, Raddatz D, Karaus M, Oellerich M, 
Walson PD. Lack of correlation between Treg quantification 
assays in inflammatory bowel disease patients. World J 
Gastroenterol 2015; 21(11): 33253329  Available from: URL: 
http://www.wjgnet.com/10079327/full/v21/i11/3325.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v21.i11.3325

INTRODUCTION
The immune system has been postulated to be 
involved in the pathogenesis of inflammatory bowel 
disease (IBD). Either IBD associated immune dys
function leads to excessive responses to normal 
intestinal microflora or changes in the intestinal 
microflora or epithelial barrier function somehow lead 
to exaggerated or abnormal reactions by the mucosal 
immune system[1]. Regardless of whether immune 
changes are the cause of or the result of IBD, the 
percentage of regulatory Tcells (Tregs) has been used 
as a marker of immune function in IBD patients[2] and 
some authors have suggested that Treg imbalances 
correlate with IBD activity[3].

Expression of the forkhead box P3 (FOXP3) gene 
has been claimed to be a specific marker of Tregs[4] 
and a number of both research and commercial 
FOXP3 based methods have been used to assess Treg 
percentages in whole blood. However, contrary to what 
has been reported to be true in murine models[5] and 
in human cord blood[6] a number of Treg subtypes 

have been identified in human whole blood[7,8]. The 
two main subpopulations in humans seem to be 
thymusderived natural Tregs (nTregs) and peripherally 
generated induced Tregs (iTregs). While many different 
biomarkers have been proposed to differentiate 
between nTregs and iTregs[9] these assays vary in their 
ability to correctly identify these two subpopulations[10]. 
To our knowledge Treg percentages measured by 
different methods in the same IBD patients have not 
been adequately assessed.

The purpose of the studies reported here was to 
compare the Treg percentages measured by flow 
cytometry to those obtained with a methylation sen
sitive, real-time PCR method specific for detection of 
the Treg-specific demethylated region (TSDR) in the 
same adult IBD patients and to compare the results of 
both methods to selfreported IBD activity assessed by 
approved questionnaires.

MATERIALS AND METHODS
This work was part of a larger study approved by the 
institutional review board and designed to evaluate 
whether a number of laboratory measures of immune 
function could be used as surrogate markers of disease 
activity in adults with either Crohn´s disease (CD) or 
ulcerative colitis (UC). Written informed consent was 
obtained from all patients before enrolment[11]. Treg 
percentages obtained by both flow cytometry and 
quantitative PCR (qPCR) in 35 adult IBD patients (18 
with CD and 17 with UC) were compared to each other 
as well as to results of two IBD selfassessing activity 
questionnaires according to the Harvey Bradshaw 
Index (HBI) for CD patients and the Simple Colitis 
Clinical Activity Index (SCCAI) for UC patients. Patients 
were not preselected by their disease activity.

Flow cytometry analysis was performed as des
cribed previously[12]. The Treg percentages were 
defined as CD4+CD25highCD127lowFOXP3+ cells. Briefly, 
peripheral blood mononuclear cells (PBMCs) were 
isolated by densitygradient centrifugation using the 
Lymphoprep®-protocol (Axis-Shield; Oslo, Norway) 
and stored at 80 ℃ in 10% (v/v) dimethylsulfoxide 
and 90% (v/v) bovine serum albumin until analysis. 
In order to control the preanalytical steps, it was 
verified that the freezing and thawing of PBMCs did 
not affect the flow cytometry results in comparison 
to fresh samples. PBMCs were incubated with 20 μL 
antihuman CD4FITC (Catalogue number # 555346, 
all conjugates used by Becton Dickinson Pharmingen, 
Heidelberg, Germany), 5 μL antihuman CD25PE
Cy7 (# 560920) and 20 μL antihuman CD127Alexa 
Fluor 647 (# 558558). After cell fixation and membrane 
permeabilization according to the manufactureŕ s protocol, 
20 μL FOXP3PE (clone 259D/C7) and corresponding 
mouse isotype control antibodies were added. The 
quantification of regulatory T cells was done using an 
8-color flow cytometer (FACS Canto Ⅱ, Becton Dickinson; 
Germany). CD4+CD25highCD127low Tcells were gated out 
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Table 1  Regulatory T-cells percentages obtained by both flow cytometry and real-time PCR methods in 35 patients with 
inflammatory bowel disease

of the lymphocyte region (forward/sideward scatter). 
From these, the intersection between CD4+CD25high 
and CD25highCD127low gates was formed followed by 
the identification of Treg cells according to their level 
of FOXP3 expression. Data were analyzed with BD 
FACS Diva software (Becton Dickinson) to identify the 
percentage of CD4+CD25highCD127lowFOXP3+ cells.

As a second method of assessing the Treg percentage 
the FOXP3 promoter demethylation signature was 
determined using methylationsensitive realtime 
PCR as previously described[6,13,14] and adapted in our 
laboratory[15]. Briefly, genomic DNA was isolated by 
NucleoSpin® columns (Macherey-Nagel; Düren, Germany) 
and treated with bisulfite for conversion of unmethylated 
cytosine into uracil (EZ DNA Methylation GoldTM, Zymo 
Research, Irvine, California). After quantification in 
triplicates of methylated and unmethylated FOXP3-specific 
PCR products by use of realtime PCR and methylation
specific primers on a LightCycler® 480 (Roche Diagnostics; 
Mannheim, Germany), the FOXP3 demethylation status 
was calculated as a ratio. Due to Xchromosomal 
inactivation of the FOXP3 gene the results for female 

patients were corrected by a factor of two.

RESULTS
We found an average of 1.56% Tregs (SD: 0.78%) by 
using flow cytometry, compared to 1.07% Tregs (SD: 
0.53%) by using qPCR in these adult IBD patients (Table 
1). There were no statistically significant correlations 
between either the flow cytometry or qPCR measured 
percentages of Tregs and the HBI or SCCAI questionnaire 
scores in CD or UC patients, respectively. There were 
no significant differences between these correlations for 
either male vs female patients, the presence or absence 
of remission, or the drug therapies currently used (Table 
1). In addition, there was no significant correlation 
between Treg percentages measured by qPCR and those 
measured with the flow cytometry (r = 0.06, P = 0.73; 
Spearman Rho); (Figure 1).

DISCUSSION
These data suggest that, at least in this small cohort of 
IBD patients, either Tregrelated immune function or the 
clinical scores did not accurately reflect actual disease 
activity. It is possible that either a different scoring 
system or measurement of tissue e.g., from intestine 
biopsies rather than circulating Treg percentages 
would have been more predictive[3,1618]. Interestingly, 
in a small study that included septic patients a weak 
correlation between flow cytometry and demethylation 
PCR methods could be demonstrated[19]. However, the 
lack of correlation between the two measures of Treg 
percentages is consistent with studies that suggest that 
FOXP3 activity is not confined to CD4+CD25highCD127low 
cells and can be expressed in nonTreg cells[18,20]. This 
is also consistent with reports that the flow cytometry 
methods that have been previously used to identify 
Tregs are incapable of separating induced from 
natural Tregs[17]. More recently Neuropilin 1 (Nrp1) 
expression has been proposed as a method capable of 
distinguishing between nTregs and iTregs[21]. Measuring 
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Subjects n Age (yr) Flow cytometry (%) qPCR (%) r P  value

Average ± SD Average ± SD Average ± SD
Patients with Crohn´s disease 18   38 ± 10 1.62 ± 0.62 1.05 ± 0.56 -0.10 0.68
   Female 10   39 ± 11 1.44 ± 0.66 1.00 ± 0.70 -0.18 0.61
   Male   8 37 ± 9 1.83 ± 0.53 1.12 ± 0.35 -0.30 0.47
Patients with ulcerative colitis 17   43 ± 17 1.50 ± 0.93 1.10 ± 0.52 -0.05 0.85
   Female   8   45 ± 14 1.39 ± 0.63 0.99 ± 0.45 -0.06 0.89
   Male   9   41 ± 20 1.60 ± 1.17 1.19 ± 0.58 -0.03 0.93
Current drug therapy
   Infliximab   4   46 ± 11 1.65 ± 0.97 0.98 ± 0.34  0.20 0.80
   Azathiaprine 14   41 ± 18 1.57 ± 0.81 1.07 ± 0.60 -0.21 0.48
   Systemic corticosteroids   9   39 ± 12 1.73 ± 0.98 0.91 ± 0.40 -0.06 0.88

Data stratification: patients with Crohn´s disease and ulcerative colitis, as well as applied drug therapy. Correlation coefficients (r) and respective P values 
were calculated according to Spearman Rho.
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Figure 1  Lack of correlation between the percentages of regulatory T-cells 
measured by flow cytometry and qPCR in 35 patients with inflammatory 
bowel disease (r = -0.06, p = 0.73; Spearman Rho). CD: Crohn´s disease; 
UC: Ulcerative colitis.
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demethylation status at the FOXP3 locus using TSDR 
may also aid in the differentiation of Treg subtypes 
due to the different degree of methylation in nTregs 
and iTregs[10]. Thus TSDR demethylation assays would 
be expected to identify primarily nTregs which would 
explain why the two assays found different percentages 
of Tregs in these IBD patients. Differences can also be 
caused by analytical interference from drug therapy. 
For example basiliximab has been shown to interfere 
with the detection of CD25 in flow cytometry assays[22]. 
However, for tumour necrosis factor alpha antibodies 
like infliximab are unlikely to interfere due to their 
different mode of action.

In the present preliminary study a cohort selection 
effect might be a limiting factor. In addition to self
assessment scores the disease activity could be 
assessed using other methods including endoscopy 
and/or by more objective, cheaper and conventional 
biochemical markers for inflammation such as fecal 
calprotectin, Creactive protein in serum, platelets, 
leukocytosis, IL6, etc. Determination of Treg 
populations in peripheral blood would be an expensive 
routine measure of disease activity. Finally, Treg 
proportions in the blood may not really represent Treg 

proportions in the lamina propria. The determination of 
Treg subtypes in the inflamed mucosa might have more 
pathogenic relevance.

Until the cause(s) for these differences are more 
clearly defined, the results suggest caution in interpreting 
studies of Tregs in various inflammatory disorders.

In conclusion, in this study neither Treg percentages 
in whole blood measured by flow cytometry or qPCR 
correlated with selfreported disease activity. This 
suggests that either Tregrelated immune function 
or the clinical scores did not accurately reflect actual 
disease activity. Additionally, the flow cytometry and 
qPCR methods did not produce equivalent measures 
of the percentage of Tregs in these 35 adult IBD 
patients which is consistent with the conclusion that 
Tregs subtypes are not equally detected by these two 
assays.
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Abstract
AIM: To study the results of stem-cell therapy under a 
Compassionate-use Program for patients with recurrent 
anal fistulae.

METHODS: Under controlled circumstances, and approved 
by European and Spanish laws, a Compassionate-use 
Program allows the use of stem-cell therapy for patients 
with very complex anal fistulae. Candidates had 
previously undergone multiple surgical interventions 
that had failed to resolve the fistulae, and presented 
symptomatic recurrence. The intervention consisted of 
limited surgery (with closure of the internal opening), 
followed by local implant of stem cells in the fistula-
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tract wall. Autologous expanded adipose-derived stem 
cells were the main cell type selected for implant. The 
first evaluation was performed on the 8th postoperative 
week; outcome was classified as response or partial 
response. Evaluation one year after the intervention 
confirmed if complete healing of the fistula was 
achieved. 

RESULTS: Ten patients (8 male) with highly recurrent 
and complex fistulae were treated (mean age: 49 
years, range: 28-76 years). Seven cases were non-
Crohn’s fistulae, and three were Crohn’s-associated 
fistulae. Previous surgical attempts ranged from 3 
to 12. Two patients presented with preoperative 
incontinence (Wexner scores of 12 and 13 points). 
After the intervention, six patients showed clinical 
response on the 8 th postoperative week, with a 
complete cessation of suppuration from the fistula. 
Three patients presented a partial response, with 
an evident decrease in suppuration. A year later, 
six patients (60%) remained healed, with complete 
reepithelization of the external opening. Postoperative 
Wexner Scores were 0 in six cases. The two patients 
with previous incontinence improved their scores from 
12 to 8 points and from 13 to 5 points. No adverse 
reactions or complications related to stem-cell therapy 
were reported during the study period.

CONCLUSION: Stem cells are safe and useful for 
treating anal fistulae. Healing can be achieved in severe 
cases, sparing fecal incontinence risk, and improving 
previous scoring.

Key words: Adipose-derived stem cells; Cell therapy; 
Compassionate use; Crohn’s disease; Fistula-in-ano

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Our group has performed various clinical trials 
with adipose stem cells. Patients with very complex 
fistulae, multiple previous surgeries, and treatment 
failure are generally not able to enter these studies 
despite the benefit and “last chance” of cure. We 
present the results of a Compassionate-use Program, 
which enabled the application of stem-cell therapy to 
these patients, under strict regulations. Ten patients 
were treated, and after one year of follow-up, we 
conclude that adipose stem cells are effective and safe, 
and 60% of the patients achieved complete healing.

Garcia-Olmo D, Guadalajara H, Rubio-Perez I, Herreros MD, 
de-la-Quintana P, Garcia-Arranz M. Recurrent anal fistulae: 
Limited surgery supported by stem cells. World J Gastroenterol 
2015; 21(11): 3330-3336  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i11/3330.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3330

INTRODUCTION
A limited surgical treatment in recurrent perianal 
fistulae often results in new recurrence, whereas there 
is a high risk of fecal incontinence if an extensive 
surgical treatment is performed[1-3]. The use of stem 
cells to treat complex fistulae is a promising area of 
research[4,5], for they may help to regenerate damaged 
perianal tissue. Especially in Crohn’s disease, the 
presence of these cells could favor healing through 
anti-inflammatory and immunomodulatory effects[6-9]. 
Various randomized controlled trials using stem cells 
for the treatment of anal fistulae have already been 
conducted, and all of them show an excellent safety 
profile. Nevertheless, the real efficacy is currently 
difficutl to assess[5]. A recent Spanish study revealed 
that the mean annual global cost of conventional 
treatments for patients with Crohn’s disease and 
perianal fistulae is > € 8000/year[10].

According to current regulatory issues at the time 
(2002), our team started a clinical trial process in 
order to test the ability of adipose-derived stem cells 
(ASC) to improve healing in complex perianal fistulae, 
including those associated with Crohn’s disease. 
The chosen cell source was adipose tissue because 
the harvesting process for ASC following liposuction 
was simple and could be performed in our on-site 
laboratory[11]. To the date, we have finished a complete 
clinical trial process: a pilot study[12], and Phase Ⅱ[13] and 
Phase Ⅲ clinical trials[14]. Although a complex perianal 
fistula is the worst scenario, we observed satisfactory 
healing in our patients, without associated fecal 
incontinence. We are currently developing novel clinical 
trials directed to test different strategies in order to 
improve our results[5].

Some of the patients with multi-recurrent anal 
fistulae did not meet the strict eligibility criteria of 
clinical trials or were scheduled in control groups. The 
only option to treat these fistulae with stem cells was 
by “compassionate use”. To achieve this, the European 
regulatory laws and the Spanish Medicine Agency 
guidelines were followed in order to obtain regulatory 
permissions. Under the Compassionate-use Program, 
the surgical technique and the cells’ lineage is tailored 
for each patient, reinforcing the possibilities of cure, 
as opposed to the clinical trial setting. In these special 
cases, we performed minimal surgical maneuvers 
(limited surgery) directed to the conditioning of the 
surgical field, followed by implant of cells, in order to 
improve healing. This strategy enabled us to avoid 
anal sphincter injury and facilitated cell homing[6].

The aim of this paper is to report our experience 
in a clinical trial- complementary Compassionate-
use Program, and discuss the possible clinical uses of 
stem cells in the future, focusing on the treatment of 
complex and recurrent perianal fistulae.

Garcia-Olmo D et al . Stem-cell therapy: Recurrent anal fistulae
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MATERIALS AND METHODS
We present an observational study, including 10 
patients (8 male and 2 female) with recurrent perianal 
fistulae who had previously undergone at least three 
surgical interventions (maximum: 12, average: 6.2), 
with failure to resolve the fistula. The mean age of the 
patients was 49 years, and ranged from 28 to 76 years 
(Table 1). Seven patients presented complex non-
Crohn’s fistulae (four were Parks’ type Ⅲ)[15] and three 
patients had Crohn’s-associated perianal fistulae. Two 
of these patients complained of fecal incontinence at 
the moment of enrollment in this study, with a Wexner 
Score[16] > 10.

Autologous expanded adipose-derived stem cells 
(eASC) were selected in eight cases. Another case 
was treated using stromal vascular fraction (SVF) and 
in the last one, allogeneic adipose derived stem cells 
(Allo-eASC) were employed.

Both eASC (autologous and allogeneic) and SVF 
protocols were approved by the Ethics Committee of 
La Paz University Hospital in accordance with Spanish 
law, and by the Spanish Medical Agency according 
to European Medicine Agency (EMA) guidelines. All 
patients signed a detailed informed consent prior 
to any intervention, which included permission for 
data publication. Our institutional Committee on 
Human Experimentation (La Paz University Hospital) 
supervised all interventions performed. All ethical 
standards were in accord with those of the Helsinki 
Declaration (1975).

SVF from lipoaspirate
The liposuction was performed by a plastic surgeon 
and obtained 80-100 ml of fat. Phosphate buffered 
saline (PBS; Gibco of Thermo Fisher Scientific, 
Waltham, MA, United States) was used to wash the 
raw lipoaspirate and remove local anesthetics and 
cells. To extract the cellular fraction, the washed fat 

was digested with type Ⅰ collagenase (Gibco) at a final 
concentration of 0.075% in saline solution at 37  ℃ for 
45 min.

Collagenase was inactivated with Dulbecco’s 
modified Eagle’s medium (DMEM; Gibco) containing 
fetal bovine serum (10% v/v). Cells in suspension 
were then centrifuged for 10 min (250 × g) and PBS 
was used again to wash the pellet. Centrifugation was 
repeated and afterwards the remaining erythrocytes 
were lysed by treating the suspension with ammonium 
chloride 160 mmol/L for 10 min at room temperature. 
To conclude the cellular extraction, a final wash and a 
filtration of the product through a 40 μm nylon mesh 
was performed.

Before injection, cells were suspended in sterile 
ringer-lactate solution (Griffols S.A., Barcelona, Spain). 
Morphologic determinations and phenotypic analyses 
were performed during product obtention. Data are 
partly published in García-Olmo et al[12]. The cell 
viability was always > 95% as determined by trypan-
blue (Sigma-Aldrich, St Louis, MO, United States).

Autologous stem cell expansion and preparation for 
implantation
The released cellular fraction (SVF) was seeded at 
2-3 × 104 cells/cm2. Culture was carried out in DMEM 
with 10% fetal bovine serum and 1% ampicillin/
streptomycin. No additional supplements were added. 
The atmospheric conditions were 37  ℃ with a 5% CO2 
atmosphere.

Cells were re-plated once 80% confluency was 
confirmed; their prior detachment was performed by 
trypsinization (trypsin-EDTA; Gibco). This cycle was 
repeated up to three times until the required number 
of cells for implantation was obtained. Due to logistics 
and personal issues, in two cases the cells were then 
frozen for preservation.

Morphologic determinations and phenotypic 
analyses were performed by flow cytometry during 

3332 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

Table 1  Study data

ID Sex Age 
(yr)

Crohn’s 
disease

Park’s 
classification

Previous 
surgical 
attempts

Initial 
incontinence 

score (Wexner)

Surgical technique Fibrin 
glue

Cells Response 
8th week

Incontinence 
score 8th 

week

Healing 
one year 

after

1 Male 58 No Ⅲ   8   1 Flap + deep curettage No eASC Yes 0 Yes
2 Male 43 No Ⅱ   4 Unknown IO closure + partial 

fistulectomy
Yes eASC Yes 4 No

3 Male 76 No Ⅲ   5   0 IO closure + deep curettage Yes eASC Partial 0 No
4 Male 57 No Ⅲ 12   0 IO closure + deep curettage Yes eASC Yes 0 Yes
5 Female 45 Yes Ⅳ (multiple 

tracts)
  6 12 IO closure + deep curettage Yes eASC Partial 8 Yes

6 Male 35 Yes Ⅱ (stenosis)   5 Unknown IO closure + deep curettage No eASC No 0 No
7 Male 40 Yes Ⅲ   3 Unknown IO closure + deep curettage Yes eASC Yes 0 Yes
8 Male 59 No Ⅱ 11 13 Flap + deep curettage No eASC 

Allog
Partial 5 No

9 Male 50 No I   3 Unknown Fistulotomy Yes eASC Yes 0 Yes
10 Female 28 No Ⅲ 5 + ileostomy Not evaluable Flap + partial fistulectomy Yes SVF Yes Not 

evaluable
Yes

IO: Internal opening; eASC: expanded adult stem cells; Allog: Allogeneic; SVF: Stromal vascular fraction.
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evaluation[19].

RESULTS
Of the ten highly recurrent perianal fistulae treated, 
6/10 (60%) showed a clinical response 8 wk after the 
procedure, and 3/10 (30%) showed a partial response. 
One year later, 6/10 (60%) remained healed, with 
the external opening being completely epithelialized 
(Table 1). Postoperative results of Wexner Scores for 
Incontinence[16] were 0 in 6 cases. In the two patients 
with previous fecal incontinence, the scoring improved 
from 12 to 8 and from 13 to 5. No adverse reactions 
or complications related to stem-cell therapy were 
reported during the study period.

No statistical relationships have been established 
between the use of fibrin glue, surgical approach or 
cell lineage, due to the small number and variability of 
patients.

DISCUSSION
Following strict regulations, we treated ten patients 
with recurrent perianal fistulae, achieving a 90% 
response and a complete healing after one year in 
six cases, with no associated incontinence. Moreover, 
in two cases, previous incontinence was reduced. It 
is important to remark that the performance of this 
therapeutic strategy does not produce injury to the 
anal sphincter, because intrasphincteric-tract resection 
is not required. Although this is not a randomized 
controlled trial, the results are similar to those already 
published[12-14]. 

ASCs enlarge the therapeutic arsenal for anal 
fistulae, and can be considered an interesting tool 
for the regeneration/repair of wounds or chronically 
damaged tissues. The specific mechanism of action 
of ASCs is still under study, but it has been widely 
demonstrated that these cells improve healing[6]. Two 
different biologic effects are responsible for this healing 
effect: proliferation and differentiation on the one 
hand, and immune regulation and local suppression of 
inflammation on the other[6].

According to the EMA, ASC treatments in the EU 
should be administered only under clinical trials or 
other controlled conditions, such as Compassionate-
use Programs. It is important to remark that all 
clinical uses of stem cells outside of these regulatory 
conditions are considered illegal. This is clearly stated 
in the law RD 1015/2009. In this way, in February 
2011, the EMA published a report on stem cell-based 
medicinal products. It expressed concerns about the 
unregulated use of medicinal products containing 
ASCs.

In this context, one of the limitations of our 
study is the small number of patients included. We 
believed that a limited surgical treatment supported 
by ASC could be beneficial for these patients; but only 
those that did not meet the inclusion criteria or were 

expansion. Mycoplasma was detected using a Myco 
Alert Mycoplasma Detection Kit (Cambrex Corp., 
East Rutherford, NJ, United States). Data are partly 
published in García-Olmo et al[12].

At least one week before the surgical intervention 
was scheduled, expanded ASCs were prepared (washed 
with PBS, trypsinized, and centrifuged). Their viability 
was checked (> 95%), and finally the cells were 
resuspended in ringer-lactate solution (Griffols S.A.) at 
the desired volume and concentration (depending on 
the fistula) for their immediate use.

Allogeneic stem cell expansion and preparation for 
implantation
These cells were manufactured from donors by Tigenix 
SAU (Madrid, Spain) according to EMA permissions 
and regulations from healthy donors. The expansion 
protocol was similar to that of autologous procedures.

Treatment procedure and evaluation of healing
All surgical procedures were performed at La Paz 
University Hospital (Madrid), by the same team of 
surgeons, belonging to the Colorectal Surgery Unit.

In all cases, a deep curettage of the tracts was first 
performed, and then the ASC suspension (50%) was 
injected through a long, fine needle into the tract walls. 
The injections were superficial; not deeper than 2 mm. 
In seven cases, the fistulous tract was sealed with 
fibrin glue (Baxter Inc., Deerfield, IL, United States) 
containing a portion (1 ml) of the cells. The fibrin 
glue was used as a sealant to finalize the procedure 
in order to ensure cells remained in the fistulous area. 
The main reason for injecting a percentage of the 
ASC into the fibrin glue was to have a reservoir in 
the area so they could act for longer. However, recent 
investigations indicate that cells alone are sufficient for 
a therapeutic effect[17,18].

 In very complex perianal fistulae, a partial 
fistulectomy was performed without removing intra-
sphincteric tracts. The closure of the internal opening 
was achieved by stitches in six cases and by a mucosal 
advancement-flap in three cases. In the remaining 
patient, a fistulotomy was performed.

Treatment outcomes
A first evaluation was performed on the 8th pos-
toperative week, and a final evaluation was scheduled 
one year after the procedure (although patients 
attended the outpatient clinic in between, at variable 
intervals). Response was defined as a complete 
cessation of suppuration on week 8, despite not 
achieving a complete re-epithelization. Partial response 
was defined as an evident decrease in suppuration. 
Healing was defined as no suppuration from the 
external orifice, achieving a complete re-epithelization 
after one year of follow-up. These intervals of time 
for follow-up were selected following published data 
about the best periods for long-term fistula follow-up 
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scheduled in control groups of our clinical trials could 
be selected for the present study.

Various randomized controlled trials using ASCs for 
the treatment of anal fistulae have been conducted, 
and all of them show an excellent safety profile. 
Nevertheless, the actual efficacy is difficult to assess. 
To date, there are 11 published papers including data 
on stem cell-based treatment of anal fistulae (Table 
2). The first one was published in 2003[11], and the last 
was published very recently, in 2013[20]. Eight of these 
have been published by Spanish groups[11-14,17,21-23], 
two other papers come from South Korea[20,24], and 
one from Italy[25]. The majority refer to ASC treatment 
of Crohn’s disease-related fistulae. The Italian study 
was the only one to select bone marrow as the ASC 
source for the treated fistula[25]. The rest of the studies 
employed autologous or allogeneic cells from adipose 
tissue. In all studies, cells were expanded, and a wide 
range of doses applied. Except for the Italian study[25], 
all procedures included closure of the internal opening, 
and in all cases the cell injections were intra-lesional. 
Over three hundred patients have been enrolled in 
these studies and the most important result is the 
assurance of the excellent safety profile of stem cells: 
no serious cell-related adverse events were described. 
Regarding efficacy, results show very different profiles, 
but about 40%-60% of patients achieved healing (Table 
3).

The cost of the treatment is another important 
issue. Nowadays, the production cost of expanded 
ASCs (Good Manufacturing Practice compliant) can 

range from € 8000-12000, though the production 
could be reduced to € 3000-4000 without expansion[13]. 
We estimate that a high scale industrial production 
could significantly reduce the expenses. A reasonable 
strategy that we propose, considering the high cost of 
cell expansion and our previous results, would be to 
apply a first treatment with SVF, freeze a portion of the 
cells obtained, and propose a second treatment with 
expanded cells in cases achieving no response after 
eight weeks. 

Treatment of recurrent fistulae is a difficult surgical 
challenge. In these patients, the pursuit of healing 
usually involves multiple operations, with a subsequent 
perianal scarring and distortion. In the most complex 
cases, the condition is worsened by the accompanying 
fecal incontinence. Therefore, these individuals are 
progressively more difficult to treat, resulting in the 
exasperation of both the patient and the surgeon[26]. 
In these cases, wound healing is a critical issue, and 
indeed, new approaches are needed. For the reasons 
outlined earlier, we believe that once available, ASCs 
will fulfill a clear and previously unmet medical need, 
helping to improve the healing and hence the quality 
of life of patients with recurrent perianal fistulae. 

In conclusion, limited surgery supported by ASCs 
may constitute as a new therapeutic strategy in the 
treatment of recurrent fistulae.
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Table 2  Published studies on stem cell therapy for anal fistulae

Ref. Year Condition Study design Cell source Cell quantity (dose) Intervention model

García-Olmo et al[11] 2003 Recto-vaginal fistula in Crohn’s 
disease

Case report Autologous eASC 1 × 107 Single arm

García-Olmo et al[12] 2005 enterocutaneous, recto-vaginal, 
perianal fistula in Crohn’s 

disease

Phase Ⅰ Autologous eASC 1-3 × 107 re-suspended 
in fibrin glue

Single arm

García-Olmo et al[13] 2009 Perianal fistula with or without 
Crohn’s disease

Phase Ⅱ Autologous eASC Not specified Two arms: fibrin glue, 
fibrin glue + eASC

García-Olmo et al[22] 2010 Recto-vaginal fistula in Crohn’s 
disease

Case report Allogenic eASC Not specified Single arm

Ciccocioppo et al[25] 2011 enterocutaneous and complex 
perianal fistula in Crohn's 

disease

Case report expanded 
autologous bone 

marrow

5 × 107 Single arm

Cho et al[24] 2012 Perianal fistula in Crohn’s 
disease

Phase Ⅰ Autologous eASC Not specified Single arm: dose 
escalation study

Herreros et al[14] 2012 Complex perianal fistula 
without Crohn’s disease

Phase Ⅲ Autologous eASC 2 × 107 then 4 × 107 if no 
effect

Three arms: fibrin glue, 
eASC, fibrin glue + eASC

Herreros et al[14] 2012 Complex perianal fistula 
without Crohn’s disease

Observational Autologous eASC 2 × 107 then 4 × 107 if no 
effect

Three arms: fibrin glue, 
eASC, fibrin glue + eASC

Guadalajara et al[23] 2012 Perianal fistula with or without 
Crohn’s disease

Observational Autologous eASC Not specified Two arms: fibrin glue, 
fibrin glue + eASC

de la Portilla et al[17] 2012 Perianal fistula in Crohn’s 
disease

Phase Ⅰ/Ⅱ Allogeneic eASC 2 × 107 then 4 × 107 if no 
effect

Single arm

Lee et al[20] 2013 Perianal fistula in Crohn’s 
disease

Phase Ⅱ Autologous eASC Depending on the 
fistula. Re-dosing (1.5 

times) if no effect

Single arm

SAe: Serious adverse events (those requiring hospital admission > 24 h); eASC: expanded adult stem cells.
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COMMENTS
Background
The concept of stem cell therapy came from the possibility of obtaining an 
immature cell that could differentiate into a specific lineage if placed in the 
correct environment. One of the first examples was the transplantation of stem 
cells in hematologic patients, which could achieve the regeneration of normal 
marrow, and is now widely used. Following this idea, researchers raised the 
question of whether or not there could be different stem cells for other organs, 
or even embryonic cells that could develop into any of them. The study and 
therapeutic use of these types of cells could be the answer for many incurable 
injuries and diseases.
Research frontiers
Complex and recurrent anal fistulae (whether associated or not to Crohn’s disease), 
constitute an important surgical problem, which can be difficult to solve. Many 
strategies have been proposed to achieve healing, including different surgical 
techniques, including fibrin glues and plugs. The application of stem cells in the 
fistula tract promotes the “closure” of the fistula by stimulating the regeneration 
of the tissue, both by direct growth and immunomodulatory effects. The exact 
mechanisms by which stem cells induce healing are still under investigation.
Innovations and breakthroughs
An increasing number of randomized controlled trials have tested the 
application of adipose-derived stem cells (ASCs) in perianal fistulae, with 
variable rates of success. In the present study, we applied ASCs to the worst 
patients, those with recurrent fistulae despite multiple previous treatments 
and interventions. In these desperate cases, even a partial response to the 
treatment was a success, as patients’ distress was a constant after so many 
failures. ACSs were remarkably effective and we achieved healing in 60% after 
one year of follow-up.

Applications
This study, and various others in a randomized controlled trial setting, suggests that 
the surgical application of stem cells in anal fistula tract is a potentially therapeutic 
strategy that could resolve even the most recurrent and complex fistulae. In the 
same direction, ACSs are being used for the regeneration of skin, cartilage, bone, 
cornea, endothelium, etc. Applications to other organs, such as the heart and 
lung, and the nervous system have raised high expectations in the field. Research 
continues, and new applications are sure to develop in the near future.
Terminology
An anal fistula is an abnormal conduct communicating the anal canal with the 
perianal skin. The fistula tract typically breaks through the sphincters, and 
can have multiple ramifications. If one of the openings is blocked, an abscess 
occurs, which can worsen the condition. Drainage of these abscesses and 
surgical attempts to close the fistula can damage the muscle of the sphincters 
and cause fecal incontinence. The former, associated to suppuration and 
pain are the most common symptoms, creating a permanent discomfort for 
patients. Adult (somatic) stem cells are undifferentiated cells that can be found 
in differentiated tissue (such as bone, fat, and muscle) and have the potential 
to give rise to the specialized cell types present in the tissue from which 
they originate. A stem cell fulfills three characteristics: self-renewal capacity, 
differentiation potential, and in vivo engraftment capacity. Stem cell therapy: use 
of stem cells to replace those from damaged or diseased tissue. The source of 
the cells can either be the patient (autologous), another individual (allogeneic), 
or an animal (xenogeneic).
Peer-review
A good and interesting study even though it includes only ten patients. 
However, the results are very useful to speculate about the best current 
treatment of recurrent complex fistulae. It will be interesting if a randomized 
cross-over multicenter study can confirm these results with stem cell therapy in 
the complex anal fistulae.
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 COMMENTS

Garcia-Olmo D et al . Stem-cell therapy: Recurrent anal fistulae



DA. Patient satisfaction after surgical treatment for fistula-in-ano. 
Dis Colon Rectum 2000; 43: 1206-1212 [PMID: 11005484]

2 Whiteford MH, Kilkenny J, Hyman N, Buie WD, Cohen J, 
Orsay C, Dunn G, Perry WB, Ellis CN, Rakinic J, Gregorcyk S, 
Shellito P, Nelson R, Tjandra JJ, Newstead G. Practice parameters 
for the treatment of perianal abscess and fistula-in-ano (revised). 
Dis Colon Rectum 2005; 48: 1337-1342 [PMID: 15933794 DOI: 
10.1007/s10350-005-0055-3]

3 Ortíz H, Marzo J. Endorectal flap advancement repair and 
fistulectomy for high trans-sphincteric and suprasphincteric 
fistulas. Br J Surg 2000; 87: 1680-1683 [PMID: 11122184 DOI: 
10.1046/j.1365-2168.2000.01582.x]

4 Garcia-Olmo D, Garcia-Arranz M, Herreros D. Expanded 
adipose-derived stem cells for the treatment of complex perianal 
fistula including Crohn’s disease. Expert Opin Biol Ther 2008; 8: 
1417-1423 [PMID: 18694359 DOI: 10.1517/14712598.8.9.1417]

5 Trebol Lopez J, Georgiev Hristov T, García-Arranz M, García-
Olmo D. Stem cell therapy for digestive tract diseases: current 
state and future perspectives. Stem Cells Dev 2011; 20: 1113-1129 
[PMID: 21187000 DOI: 10.1089/scd.2010.0277]

6 García-Gómez I, Elvira G, Zapata AG, Lamana ML, Ramírez 
M, Castro JG, Arranz MG, Vicente A, Bueren J, García-Olmo 
D. Mesenchymal stem cells: biological properties and clinical 
applications. Expert Opin Biol Ther 2010; 10: 1453-1468 [PMID: 
20831449 DOI: 10.1517/14712598.2010.519333]

7 Falanga V, Iwamoto S, Chartier M, Yufit T, Butmarc J, Kouttab 
N, Shrayer D, Carson P. Autologous bone marrow-derived cultured 
mesenchymal stem cells delivered in a fibrin spray accelerate 
healing in murine and human cutaneous wounds. Tissue Eng 2007; 
13: 1299-1312 [PMID: 17518741 DOI: 10.1089/ten.2006.0278]

8 Wu Y, Chen L, Scott PG, Tredget EE. Mesenchymal stem cells 
enhance wound healing through differentiation and angiogenesis. 
Stem Cells 2007; 25: 2648-2659 [PMID: 17615264 DOI: 10.1634/
stemcells.2007-0226]

9 Chen L, Tredget EE, Wu PY, Wu Y. Paracrine factors of 
mesenchymal stem cells recruit macrophages and endothelial 
lineage cells and enhance wound healing. PLoS One 2008; 3: 
e1886 [PMID: 18382669 DOI: 10.1371/journal.pone.0001886]

10 Chaparro M, Zanotti C, Burgueño P, Vera I, Bermejo F, Marín-
Jiménez I, Yela C, López P, Martín MD, Taxonera C, Botella B, 
Pajares R, Ponferrada A, Calvo M, Algaba A, Pérez L, Casis B, 
Maté J, Orofino J, Lara N, García-Losa M, Badia X, Gisbert JP. 
Health care costs of complex perianal fistula in Crohn’s disease. 
Dig Dis Sci 2013; 58: 3400-3406 [PMID: 24026400 DOI: 10.1007/
s10620-013-2830-7]

11 García-Olmo D, García-Arranz M, García LG, Cuellar ES, Blanco 
IF, Prianes LA, Montes JA, Pinto FL, Marcos DH, García-Sancho L. 
Autologous stem cell transplantation for treatment of rectovaginal 
fistula in perianal Crohn’s disease: a new cell-based therapy. Int 
J Colorectal Dis 2003; 18: 451-454 [PMID: 12756590 DOI: 
10.1007/s00384-003-0490-3]

12 García-Olmo D, García-Arranz M, Herreros D, Pascual I, Peiro C, 
Rodríguez-Montes JA. A phase I clinical trial of the treatment of 
Crohn’s fistula by adipose mesenchymal stem cell transplantation. 
Dis Colon Rectum 2005; 48: 1416-1423 [PMID: 15933795 DOI: 
10.1007/s10350-005-0052-6]

13 Garcia-Olmo D, Herreros D, Pascual I, Pascual JA, Del-Valle 
E, Zorrilla J, De-La-Quintana P, Garcia-Arranz M, Pascual M. 
Expanded adipose-derived stem cells for the treatment of complex 

perianal fistula: a phase II clinical trial. Dis Colon Rectum 2009; 52: 
79-86 [PMID: 19273960 DOI: 10.1007/DCR.0b013e3181973487]

14 Herreros MD, Garcia-Arranz M, Guadalajara H, De-La-Quintana 
P, Garcia-Olmo D. Autologous expanded adipose-derived stem 
cells for the treatment of complex cryptoglandular perianal 
fistulas: a phase III randomized clinical trial (FATT 1: fistula 
Advanced Therapy Trial 1) and long-term evaluation. Dis Colon 
Rectum 2012; 55: 762-772 [PMID: 22706128 DOI: 10.1097/
DCR.0b013e318255364a]

15 Parks AG, Gordon PH, Hardcastle JD. A classification of fistula-
in-ano. Br J Surg 1976; 63: 1-12 [PMID: 1267867]

16 Vaizey CJ, Carapeti E, Cahill JA, Kamm MA. Prospective 
comparison of faecal incontinence grading systems. Gut 1999; 44: 
77-80 [PMID: 9862829]

17 de la Portilla F, Alba F, García-Olmo D, Herrerías JM, González 
FX, Galindo A. Expanded allogeneic adipose-derived stem cells 
(eASCs) for the treatment of complex perianal fistula in Crohn’
s disease: results from a multicenter phase I/IIa clinical trial. Int 
J Colorectal Dis 2013; 28: 313-323 [PMID: 23053677 DOI: 
10.1007/s00384-012-1581-9]

18 Singer NG, Caplan AI. Mesenchymal stem cells: mechanisms 
of inflammation. Annu Rev Pathol 2011; 6: 457-478 [PMID: 
21073342 DOI: 10.1146/annurev-pathol-011110-130230]

19 Ortiz H, Marzo M, de Miguel M, Ciga MA, Oteiza F, Armendariz P. 
Length of follow-up after fistulotomy and fistulectomy associated 
with endorectal advancement flap repair for fistula in ano. Br J 
Surg 2008; 95: 484-487 [PMID: 18161890 DOI: 10.1002/bjs.6023]

20 Lee WY, Park KJ, Cho YB, Yoon SN, Song KH, Kim do S, Jung 
SH, Kim M, Yoo HW, Kim I, Ha H, Yu CS. Autologous adipose 
tissue-derived stem cells treatment demonstrated favorable and 
sustainable therapeutic effect for Crohn’s fistula. Stem Cells 2013; 
31: 2575-2581 [PMID: 23404825 DOI: 10.1002/stem.1357]

21 Garcia-Olmo D, Herreros D, Pascual M, Pascual I, De-
La-Quintana P, Trebol J, Garcia-Arranz M. Treatment of 
enterocutaneous fistula in Crohn’s Disease with adipose-derived 
stem cells: a comparison of protocols with and without cell 
expansion. Int J Colorectal Dis 2009; 24: 27-30 [PMID: 18696086 
DOI: 10.1007/s00384-008-0559-0]

22 García-Olmo D, Herreros D, De-La-Quintana P, Guadalajara H, 
Trébol J, Georgiev-Hristov T, García-Arranz M. Adipose-derived 
stem cells in Crohn’s rectovaginal fistula. Case Rep Med 2010; 
2010: 961758 [PMID: 20224798 DOI: 10.1155/2010/961758]

23 Guadalajara H, Herreros D, De-La-Quintana P, Trebol J, Garcia-
Arranz M, Garcia-Olmo D. Long-term follow-up of patients 
undergoing adipose-derived adult stem cell administration to treat 
complex perianal fistulas. Int J Colorectal Dis 2012; 27: 595-600 
[PMID: 22065114 DOI: 10.1007/s00384-011-1350-1]

24 Cho YB, Lee WY, Park KJ, Kim M, Yoo HW, Yu CS. Autologous 
adipose tissue-derived stem cells for the treatment of Crohn’s 
fistula: a phase I clinical study. Cell Transplant 2013; 22: 279-285 
[PMID: 23006344 DOI: 10.3727/096368912X656045]

25 Ciccocioppo R, Bernardo ME, Sgarella A, Maccario R, Avanzini 
MA, Ubezio C, Minelli A, Alvisi C, Vanoli A, Calliada F, Dionigi 
P, Perotti C, Locatelli F, Corazza GR. Autologous bone marrow-
derived mesenchymal stromal cells in the treatment of fistulising 
Crohn’s disease. Gut 2011; 60: 788-798 [PMID: 21257987 DOI: 
10.1136/gut.2010.214841]

26 Dudukgian H, Abcarian H. Why do we have so much trouble 
treating anal fistula? World J Gastroenterol 2011; 17: 3292-3296 
[PMID: 21876616 DOI: 10.3748/wjg.v17.i28.3292]

P- Reviewer: Campo SMA, Hokama A    S- Editor: Ma YJ    
L- Editor: AmEditor    E- Editor: Zhang DN

3336 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

Garcia-Olmo D et al . Stem-cell therapy: Recurrent anal fistulae



Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i11.3337

World J Gastroenterol  2015 March 21; 21(11): 3337-3343
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.

3337 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

Economic and medical benefits of ultrasound screenings for 
gallstone disease

Hung-Ju Shen, Chung-Te Hsu, Tao-Hsin Tung

Hung-Ju Shen, Chung-Te Hsu, Tao-Hsin Tung, Cheng Hsin 
General Hospital, Taipei 112, Taiwan
Tao-Hsin Tung, Faculty of Public Health, School of Medicine, 
Fu-Jen Catholic University, Taipei 24205, Taiwan
Tao-Hsin Tung, Department of Nursing, Kang-Ning Junior 
College of Medical Care and Management, Taipei 114, Taiwan
Author contributions: Shen HJ, Hsu CT and Tung TH carried 
out the study and drafted the manuscript; Shen HJ participated 
in the design of the study and performed the statistical analysis; 
Tung TH conceived of the study, and participated in its design 
and coordination; all authors read and approved the final 
manuscript.
Supported by Grant from the National Science Council, No. 
NSC-98-2314-B-350-002-MY3 (in part).
Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Tao-Hsin Tung, PhD, Cheng Hsin 
General Hospital, Shih-Pai, Taipei 112, 
Taiwan. ch2876@chgh.org.tw
Telephone: +886-2-28264400
Fax: +886-2-28264550
Received: September 23, 2014
Peer-review started: September 25, 2014
First decision: October 14, 2014
Revised: November 3, 2014
Accepted: December 8, 2014
Article in press: December 8, 2014
Published online: March 21, 2015

Abstract
AIM: To investigate whether screening for gallstone 
disease was economically feasible and clinically 
effective.

METHODS: This clinical study was initially conducted in 
2002 in Taipei, Taiwan. The study cohort total included 
2386 healthy adults who were voluntarily admitted to 
a regional teaching hospital for a physical check-up. 
Annual follow-up screening with ultrasound sonography 
for gallstone disease continued until December 31, 
2007. A decision analysis using the Markov Decision 
Model was constructed to compare different screening 
regimes for gallstone disease. The economic evaluation 
included estimates of both the cost-effectiveness and 
cost-utility of screening for gallstone disease. 

RESULTS: Direct costs included the cost of screening, 
regular clinical fees, laparoscopic cholecystectomy, 
and hospitalization. Indirect costs represent the loss 
of productivity attributable to the patient’s disease 
state, and were estimated using the gross domestic 
product for 2011 in Taiwan. Longer time intervals in 
screening for gallstone disease were associated with 
the reduced efficacy and utility of screening and with 
increased cost. The cost per life-year gained (average 
cost-effectiveness ratio) for annual screening, biennial 
screening, 3-year screening, 4-year screening, 5-year 
screening, and no-screening was new Taiwan dollars 
(NTD) 39076, NTD 58059, NTD 72168, NTD 104488, 
NTD 126941, and NTD 197473, respectively (P  < 0.05). 
The cost per quality-adjusted life-year gained by annual 
screening was NTD 40725; biennial screening, NTD 
64868; 3-year screening, NTD 84532; 4-year screening, 
NTD 110962; 5-year screening, NTD 142053; and 
for the control group, NTD 202979 (P  < 0.05). 
The threshold values indicated that the ultrasound 
sonography screening programs were highly sensitive 
to screening costs in a plausible range.

CONCLUSION: Routine screening regime for gallstone 
disease is both medically and economically valuable. 
Annual screening for gallstone disease should be 
recommended.

Observational Study
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Core tip: The results of this economic evaluation of 
screening for gallstone disease indicated that routine 
ultrasound sonography screening is worthwhile. We 
recommend that the Chinese population is screened 
annually for gallstone disease, regardless of whether or 
not they have been diagnosed with gallstone disease in 
the past.

Shen HJ, Hsu CT, Tung TH. Economic and medical benefits of 
ultrasound screenings for gallstone disease. World J Gastroenterol 
2015; 21(11): 3337-3343  Available from: URL: http://www.
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INTRODUCTION
Gallstone disease (GSD) is a common gastrointestinal 
disease, and > 14% of adults are affected by this 
disorder[1,2]. In the United States, the direct and 
indirect economic cost of treating GSD patients has 
been estimated at USD 16 billion annually, and GSD 
annually accounts for > 800000 hospitalizations[3,4]. 
Cholecystectomy is considered to be a safe treatment 
of choice for symptomatic GSD patients[2,5]. Never
theless, depending on the clinical manifestations of 
the disease and changes in symptoms over time, 
expectant management might also present a valid 
therapeutic approach for certain GSD patients[2]. From 
the clinical viewpoint, early detection of the disorder 
through regular ultrasound sonography screening, 
followed by appropriate treatment regime, could avert 
the need for cholecystectomy.

Laparoscopic cholecystectomy is widely accepted 
in developed countries as the first line of treatment for 
uncomplicated GSD. Up to 80% of cholecystectomies 
are laparoscopies in such countries[6,7], which are 
relatively safe (mortality is < 0.2% and morbidity 
< 5.0%) and are highly acceptable to both patients 
and physicians[2,8]. In addition, previous study also 
indicated that laparoscopic cholecystectomy is 
associated with a significantly shorter hospital stay 
and quicker convalescence compared with open 
cholecystectomy[2].

GSD is an important health problem, therefore, 
it is matched to the Wilson criteria for routine 
screening. This means that the disease natural course 
should be understood; a recognizable latent or early 
symptomatic stage; a clinical test is easy to perform 
and interpret, reliable, accurate, acceptable, sensitive 
and specific; an accepted treatment recognized for 
the disease; it is more effective if treatment is started 

early; a policy on who should be treated; diagnosis 
and treatment are costeffective; and casefinding 
should be a continuous process. The costs of screening 
programs and early treatment for GSD might be offset 
by these benefits if the early treatment was known 
to reduce the incidence of the disease or slow its 
progression and reduce the need for cholecystectomy. 
However, relevant cost analyses did not consider the 
natural history of GSD, and therefore, might have 
provided inaccurate estimations. The unique medical 
environment of Taiwan requires careful analysis of 
the costs and benefits before firm conclusions can 
be drawn and standards set. Our previous study 
indicated that compared with the control group, 
routine screening strategies for GSD reduced the 
necessity of cholecystectomy by approximately the 
following amounts: annual screening 82.9% 95%CI: 
75.7%90.4%); biennial screening 71.6% (95%CI: 
57.0%88.8%); 3year screening 64.8% (95%CI: 
46.1%81.5%); 4year screening 49.6% (95%CI: 
23.9%75.3%); and 5year screening 32.1% (95%CI: 
2.8%66.7%)[9]. In this study, we further investigated 
whether a routine ultrasound sonography screening 
program is a costeffective strategy for managing GSD 
in the Chinese population in Taiwan.

MATERIALS AND METHODS
Data source and collection
We recruited a study cohort to evaluate the economic 
implications of GSD screening in Taipei, Taiwan. The 
initial study cohort comprised 2386 healthy adults 
(1235 men and 1151 women) who were voluntarily 
admitted to a regional teaching hospital in Northern 
Taiwan to receive a physical checkup. The study was 
initially conducted between January and December 
2002. Annual followup screenings for GSD continued 
until December 31, 2007. We analyzed information on 
patients who received at least two GSD screenings.

One thousand and seven (42.2%) patients in the 
original study group failed to complete the entire 
assessment series. Participants who were lost to follow
up during the 5year period showed the following 
characteristics compared to those who remained: more 
advanced age (50.2 ± 10.8 years vs 45.0 ± 9.9 years, 
P < 0.0001), higher systolic blood pressure [(SBP); 
127.9 ± 21.0 mmHg vs 120.7 ± 19.1 mmHg, P < 
0.0001)], and higher fasting plasma glucose (102.6 ± 
25.1 mg/dL vs 95.2 ± 24.0 mg/dL, P < 0.0001). All 
study procedures were performed in accordance with 
the guidelines of our Institutional Ethics Committee and 
adhered to the tenets of the Declaration of Helsinki. 
The data from all participants remained anonymous. 
Access to personal demographic and medical records 
was approved by the Human Subjects Review Board at 
ChengHsin General Hospital, Taipei, Taiwan.

Diagnosis of GSD
In the present study, GSD was diagnosed by a panel 
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of specialists using realtime ultrasound sonography 
(nemio SSA550A; Toshiba, Japan). The abdominal 
region of the patients was examined after they had 
fasted for ≥ 8 h, and sonography was used to identify 
movable hyperechoic foci with acoustic shadows. The 
diagnosis of GSD was classified as follows: single 
gallbladder stone; multiple gallbladder stones; and 
gallstones requiring cholecystectomy. Gallbladder 
polyps were not included. The study cases were 
identified among all types of GSD patients[10]. 

To determine consistent criteria for the diagnosis 
of GSD, the κ statistic was further used to evaluate 
the interobserver reliability among various medical 
specialists. A pilot study was performed using the data 
of 100 randomly selected healthy participants; none of 
our patients were included in this stage. The κ value 
of the interobserver reliability for the diagnosis of 
GSD among the medical specialists was 0.79 (95%CI: 
0.610.95)[10].

Economic evaluation of screening for GSD
Markov decision model of screening for GSD: 
Decision tree analysis is a statistical technique used 
for selecting an optimal decision rule. A study problem 
is formulated in a treestructured format, including 
the decision node (□ ), chance node (〇 ), and 
value node (△ ). An expected value for each node is 
calculated, and the best decision is selected based on 
the expected values[11]. The economic evaluation tool 
in this study used to assess the GSD screening was 

on the basis of TreeAge software (DATA 3.5, TreeAge, 
Inc., Williamstown, MA, United States) for medical 
decision analyses. This software uses the influence 
diagram approach and tree structure.

As Figure 1 shows, a decision analysis using the 
Markov Decision Model was constructed to compare 
various screening regimens for GSD with no screening 
group. The assumption of the noscreening group 
was that except for GSD screening, patients still 
received routine medical care until they received a 
cholecystectomy. According to stochastic process 
theory, the Markov Chain Model is determined by both 
the initial state and the transition matrix. This model 
starts with the decision to screen or not to screen a 
patient, and the overall expected value is based on 
the expected values of the end nodes rather than all 
nodes. As Circle A shows in Figure 1, four states of the 
natural history of GSD are possible for each decision, 
that is, no GSD, single stone, multiple stones, and 
requiring cholecystectomy. The initial state distribution 
is based on the results of this study. Transition 
probabilities from one state to another, representing 
the natural course of GSD, were derived by our 
previous empirical estimation. In addition, the Circle B 
indicated that the same disease process with Markov 
property between the screening and nonscreening 
groups. For each scenario, the expected probability 
based on participants’ aggregate experiences, using 
data accumulated for each stage during the 10year 
followup were calculated.
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Figure 1  Markov Decision Model for two options, that is, screening and non-screening for gallstone disease. GSD: Gallstone disease.
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by subtracting this number from 1.0, that is, the utility 
value = 1.0  (time traded/time of remaining life)[12,13]. 
The CUA approach was then used to compare the cost 
per qualityadjusted lifeyear (QALY) gained between 
the screened and nonscreened groups. 

Sensitivity analysis and discount rate: Oneway 
sensitivity analyses were conducted on individual 
estimates to assess the effect of screening for GSD 
on costs, effectiveness, and utility. To account for 
time preference (i.e., receiving a benefit earlier and 
incurring the cost later) we discounted all costs and 
benefits to the present value at 5% annually.

RESULTS
Table 1 shows the annual direct and indirect cost 
of GSD screening in the decision analysis. Direct 
costs included the cost of screening (NTD 1382), 
regular clinical fees (NTD 509), cost of laparoscopic 
cholecystectomy (NTD 11710), and cost of hospi
talization and others (NTD 26825). The total annual 
direct costs are estimated as NTD 40426. Indirect 
costs represent the loss of productivity attributable 
to the patient’s disease state, and were estimated at 
NTD 635670 using the gross domestic product (GDP) 
for 2011 in Taiwan. The utility value for no GSD, single 
stone, multiple stones, and cholecystectomy was 
0.92 ± 0.10, 0.90 ± 0.12, 0.89 ± 0.19, and 0.88 ± 
0.08, respectively. In addition, the annual transition 
probabilities from each stage to the next stage were as 
follows: no GSD to single stone, 5.05%; single stone 
to multiple stones, 10.00%; and multiple stones to 
cholecystectomy, 13.76%[9].

Table 2 shows the results of CEA for various GSD 
screening programs during the 10year followup. 
Annual screening incurred the lowest cost and yielded 
the greatest effectiveness. The cost per lifeyear 
gained (average costeffectiveness ratio) for annual 
screening, biennial screening, 3year screening, 4year 
screening, 5year screening, and control (noscreening) 
was NTD 39076, NTD 58059, NTD 72168, NTD 
104488, NTD 126941, and NTD 197473, respectively. 
Compared with the nonscreened group, the screened 
groups showed greater effectiveness and lower costs. 
In other words, any screening program was more cost
effective than no program.

Table 2 also shows the results after adjusting 
for utility. Annual screening provided the highest 
QALY combined with the lowest cost. The cost per 
QALY gained of annual screening, biennial screening, 
3year, 4year, and 5year screenings, and for the 
no screening was NTD 40725, NTD 64868, NTD 
84532, NTD 110962, NTD 142053, and NTD 202979, 
respectively. Compared with not screening, routine 
screening provided greater effectiveness at a lower 
economic cost. Any screening program was more cost
effective than no program at all.

Table 3 shows the sensitivity analysis of CEA and 

Cost estimation: Both the direct and indirect costs 
both were analyzed. Direct costs included the cost of 
GSD screening, cost of regular clinical fees, and further 
treatment costs. For indirect costs, we included only 
the loss of productivity for the patient because of time 
off work for treatment. Due to the fact that participants 
were not accompanied every time by an attendant, 
the cost of an attendant was not considered. The 
average time off work for treatment was estimated by 
the specialists. All costs are expressed in new Taiwan 
dollars (NTD).

Cost-effectiveness analysis (CEA) and cost-
utility analysis (CUA): We conducted a CEA to 
compare the cost per lifeyear gained by the screened 
patients relative to the nonscreened group. To adjust 
for quality of life, a series of utility scores was assigned 
based on the CUA, as follows: no GSD, single stone, 
multiple stones, and requiring cholecystectomy. The 
time tradeoff method was used to evaluate the 
utility value according to a standard procedure with 
modification[12]. A scenario was described to the 
participants as follows: “Imagine a situation in which 
you could live for 10 years with your current health 
status. Now imagine you were given the opportunity 
to restore your health status to perfect health. This 
opportunity could increase your quality of life, but 
would also decrease your chance of survival. What is 
the maximum number of years you would be willing 
to forgo so that you could receive this opportunity and 
have the best health for the remainder of your life?”

Then the utility value was calculated as follows: 
the number of years a patient was willing to trade 
in return for improving one’s health, divided by the 
estimated number of years of remaining life, followed 
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Table 1  Cost assumptions, util ity value, transition 
probabilities in decision analysis of screening for gallstone 
disease

Parameter Value

Annual direct cost (NTD)
   Screening cost1     1382
   Regular clinics fee2       509
   Laparoscopic cholecystectomy   11710
   Hospitalizations and others   26825
   Total   40426
Annual indirect cost (NTD)
   Gross domestic product 635670
Utility (quality of life) value 
   No GSD 0.92 ± 0.10
   Single stone 0.90 ± 0.12
   Multiple stones 0.89 ± 0.19
   Cholecystectomy 0.88 ± 0.08
Annual transition probability (%)[9]

   No GSD → Single stone   5.05
   Single stone → Multiple stones 10.00
   Multiple stones → Cholecystectomy 13.76

1Screening cost includes clinician’s fee, ultrasound examination, SMA-12 
test, and manpower cost; 2Regular clinics fee includes clinician’s fee and 
pharmacist’s fee. GSD: Gallstone disease; NTD: New Taiwan dollars. 
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CUA for various GSD screening regimes. The threshold 
values showed that screening programs were highly 
sensitive to costs within a plausible range. Compared 
to no screening, the threshold of CEA in annual 
screening, biennial screening, 3yearly screening, 
4yearly screening, and 5yearly screening was NTD 
41630, NTD 38771, NTD 36048, NTD 32186, and NTD 
29063, respectively. The screening cost threshold of 
CUA also decreased with increasing screening interval. 
For indirect cost and percentage of cholecystectomy, 
any screening program was more costeffective than 
no program.

DISCUSSION
The wellknown factors related to GSD include type 
2 diabetes, obesity, and metabolic syndrome[1419]. 
The presence of metabolic syndrome as an insulin 
resistance phenotype is related to increased morbidity 
in GSD[19,20]. A previous study showed that both 
asymptomatic and symptomatic GSD patients 
displayed a benign natural history. The majority of 

patients with severe or mild symptoms no longer 
experienced biliary pain during followup, and the 
rate of symptom development in asymptomatic 
patients was low[2]. However, participants with GSD 
showed increased rates of cardiovascular disease, 
cancer, and allcause mortality compared with no 
GSD. This relationship was found among patients 
in the United States who were either diagnosed 
with GSD after an ultrasound scan, or who had 
received a cholecystectomy. The association was 
largely unexplained by multiple demographic and 
cardiovascular disease risk factors in this population[21]. 
One casecontrol study in Sweden revealed that more 
than twice as many young women who had died of 
cancer had received a cholecystectomy than women 
who had died from other causes[22]. Another study 
that used a progressive disease model to describe the 
natural history of GSD reported that the estimated 
mean duration for the stages of no GSD, single 
stone, and multiple stones was 18.18 years, 8.77 
years, and 6.76 years, respectively[9]. Based on these 
findings, if we assume that no patients progressed 
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Table 2  Cost-effectiveness analysis and cost-utility analysis for different screening programs for gallstone disease during 10 years 
follow-up

Screening strategy Cost (NTD) Effectiveness 
(life-years gained)

Cost/effectiveness 
(NTD)

ICER (compared to 
control group)

Utility 
(QALY)

Cost/
utility(NTD)

ICUR (compared to 
control group)

Annual 199856 5.1146   39076 Dominate1 4.9075   40725 Dominate1

Biennial 215231 3.7071   58059 Dominate1 3.3180   64868 Dominate1

3-yearly 253908 3.5183   72168 Dominate1 3.0037   84532 Dominate1

4-yearly 331477 3.1724 104488 Dominate1 2.9873 110962 Dominate1

5-yearly 368002 2.8990 126941 Dominate1 2.5906 142053 Dominate1

Control group 508117 2.5731 197473 - 2.5033 202979 -

1Any screening program was more cost-effective than no program. ICER: Incremental cost-effectiveness ratio; ICUR: Incremental cost-utility ratio; NTD: 
New Taiwan dollars; QALY: Quality-adjusted life-year.

Table 3  Sensitivity analysis of cost-effectiveness analysis and cost-utility analysis of different screening programs for Gallstone 
disease

Variable Base case Range Threshold of CEA Threshold of CUA

Annual screening
   Screening cost (NTD) 1382   1000-50000 41630 40082
   Indirect cost (NTD) 231834           0-635670 Dominate1 Dominate1

   Percentage of cholecystectomy 0.8 0.1-0.9 Dominate1 Dominate1

Biennial screening
   Screening cost (NTD) 1382   1000-50000 38771 37250
   Indirect cost (NTD) 231834           0-635670 Dominate1 Dominate1

   Percentage of cholecystectomy 0.8 0.1-0.9 Dominate1 Dominate1

3-yr screening
   Screening cost (NTD) 1382   1000-50000 36048 36003
   Indirect cost (NTD) 231834           0-635670 Dominate1 Dominate1

   Percentage of cholecystectomy 0.8 0.1-0.9 Dominate1 Dominate1

4-yr screening
   Screening cost (NTD) 1382   1000-50000 32186 31952
   Indirect cost (NTD) 231834           0-635670 Dominate1 Dominate1

   Percentage of cholecystectomy 0.8 0.1-0.9 Dominate1 Dominate1

5-yr screening
   Screening cost (NTD) 1382   1000-50000 29063 28579
   Indirect cost (NTD) 231834           0-635670 Dominate1 Dominate1

   Percentage of cholecystectomy 0.8 0.1-0.9 Dominate1 Dominate1

1Any screening program was more cost-effective than no program. CEA: Cost-effectiveness analysis; CUA: Cost-utility analysis; NTD: New Taiwan dollars.
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directly from having a single gallstone to receiving a 
cholecystectomy, the average time to progress from 
no GSD to requiring a cholecystectomy is about 33.7 
years for the general population. This slow progression 
indicates that clinicians should be able to detect single 
or multiple stones at an early stage, and thus, reduce 
GSDrelated mortality.

Currently, it is under discussion if cholecystectomy is 
suggested for patients with asymptomatic GSD. However, 
in symptomfree patients, it is generally conceived that 
surgical procedures are not recommended[23].

Evidencebased studies have suggested that 
screening for and treating GSD is extremely cost
effective. In Chile, a screening program for GSD in a 
high-risk population achieved significant benefits at low 
incremental costs and acceptable costeffectiveness. 
The incremental costeffectiveness ratios were as 
follows: universal screening and elective intervention, 
NTD 180; highrisk intervention, NTD 147; and 
selective screening strategy, NTD 481[24]. Considering 
both cost and efficacy, prevention programs that 
screened for GSD resulted in substantial federal budget 
savings combined with highly costeffective health 
care. In the present study, the CEA and CUA showed 
that annual GSD screening was the most effective 
and efficient screening schedule. Thus, the safest and 
most aggressive approach to preventing GSD should 
include annual screening. In addition, professionals 
responsible for establishing standards for the quality 
of health care must consider the marginal benefit of 
frequent ultrasound sonography examinations. 

Economic evaluations are commonly criticized by 
decision makers for ignoring budgetary constraints, 
which are of prime concern to decision makers. 
Stakeholders might encounter financial difficulties 
if they adopt too many costeffective interventions 
in which the affordability of a program depends on 
the overall volume of patients[2,25]. From a clinical 
perspective, the annual cost of screening for GSD 
(including clinician fees and ultrasound examinations) 
is relatively low per patient at USD 29.35 or NTD 882. 
Our results showed that an annual screening regimen 
could offer greater costeffectiveness than any longer 
screening intervals. However, longterm followup 
might be affected by difficulties in maintaining contact 
with patients; such patients might be unlikely to 
remember to schedule an examination after several 
years have passed.

The use of primary data and the calculation of 
both direct and indirect costs allowed us to estimate 
the true benefit of GSD screening more accurately 
than in previous studies. Nonetheless, this study 
was subject to certain limitations. First, we did not 
explicitly consider the sensitivity and specificity of 
the GSD screening. A greater understanding of GSD 
from the asymptomatic to the symptomatic stage 
and the ideal conditions for screening would help 
to determine the optimal frequency of sonography 
checkups and the sensitivity and specificity of this 

screening tool. Second, although the κ value for 
interobserver reliability appeared adequate[26], non
differential misclassificationbias identification might 
have influenced the results. Third, potential self
selection bias might have occurred because our study 
design was hospitalbased and the followup rate was 
relatively low (57.8%). This is more likely caused 
by nonrespondents with older ages and severe SBP 
and fasting plasma glucose than participants, that 
is, of it not being exactly representative of the whole 
general population. Fourth, because laparoscopic 
cholecystectomy is not performed routinely for GSD 
(only polyp > 1 cm), further studies will be needed to 
explore cholecystectomy (this study recommended it 
only in cases with multiple stones): such as patients 
with cholecystitis who required cholecystectomy with 
one stone or no stone. Finally, our sample size was 
too small to estimate certain variables that would 
likely affect the optimal screening intervals for GSD. 
These variables include comorbidity (e.g., obesity or 
type 2 diabetes), influence of GSD development over 
time and among various age groups on the stage of 
disease, and the occurrence of complications. Further 
longterm studies should be conducted to clarify 
whether patients whose weight is well controlled, or 
those at an early stage of GSD, would benefit from the 
least frequent screening interval.

In conclusion, the results of our economic evaluation 
of GSD screening suggested that screening is 
worthwhile. We recommend that Chinese people are 
screened annually for GSD, regardless of whether or 
not they have been diagnosed with GSD in the past. 
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0.05). The threshold values indicated that the ultrasound sonography screening 
programs were highly sensitive to screening costs in a plausible range.
Applications
The results of the present economic evaluation of GSD screening suggested 
that screening is worthwhile. The authors recommend that Chinese people 
are screened annually for GSD, regardless of whether or not they have been 
diagnosed with it in the past.
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Terminology
Considering both cost and efficacy, prevention programs that screened for 
GSD resulted in substantial federal budget savings combined with highly cost-
effective health care. In this study, the cost-effectiveness analysis and cost-
utility analysis showed that annual GSD screening was the most effective and 
efficient screening schedule. Thus, the safest and most aggressive approach to 
preventing GSD should include annual screening.
Peer-review
This manuscript purports to show that there are economic and medical benefits 
from ultrasound screening for gallstones. Using a Markov Decision model they 
calculated QALY gained by different screening regimens. The authors can 
clarify if the patients were accompanied every time by an attendant. If yes, then 
cost and wages lost of the attendant has to also be taken into consideration. Or 
else the authors can state that attendant was not required.
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Abstract
AIM: To investigate variations in the incidence of peptic 
ulcers (PUs) in Taiwan by day of the week within age 
subgroups.

METHODS: Ambulatory care data were retrieved from 
the Longitudinal Health Insurance Database 2000. 
There were 7204 subjects ≥ 18 years-old with an 
emergency room admission claim for the treatment of 
PUs, resulting in a total of 9234 emergency room visits 
for PUs between 2009 and 2011. Data was divided into 
the seven days of the week and an additional variable 
for holidays. One-way analysis of variance was used to 
examine associations among the daily mean number 
of PU emergency room admissions and holidays/
weekends/weekdays.

RESULTS: One-way analysis of variance showed that 
there was a significant difference in emergency room 
admissions for PUs by the day of the week (P  < 0.001), 
with admission more likely to occur on Sundays or 
holidays than weekdays within the total and working 
populations. The weekday patterns of admission were 
similar for the patients aged 18-64 years and ≥ 65 
years of age. Holidays, followed by Sundays, had higher 
PU admissions than the mean daily PU emergency room 
admissions. Furthermore, inclusion of only those treated 
for PUs with hemorrhage or perforation, Sundays and 
holidays had higher mean emergency room admissions 
than other days. Inclusion of patients who diagnosed 
with Helicobacter pylori  infection, only holidays had 
higher mean emergency room admissions than other 
days. Inclusion of patients who had been prescribed 
non-steroidal anti-inflammatory drugs (NSAIDs) for over 
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30 d, Sundays and holidays had higher mean PU ER 
admissions than other non-holiday weekdays.

CONCLUSION: There is a higher incidence of emer-
gency room admission for PUs on weekends than on 
weekdays for the total and working populations.

Key words: Chronology; Epidemiology; Peptic ulcer; 
Weekly pattern

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This study used a population-based dataset in 
Taiwan to investigate the variations in peptic ulcer (PU) 
incidence by day of the week within subgroups defined 
by age. We identified 7204 subjects ≥ 18 years-old 
with an emergency room (ER) admission claim for 
the treatment of PUs, resulting in a total of 9234 ER 
visits for PU between 2009 and 2011. There was a 
higher incidence of PU admission on weekends than 
on weekdays for the total and working populations. 
Furthermore, Sundays and holidays had higher mean 
ER admissions than other days for cases of PUs with 
hemorrhage or perforation.

Kao LT, Tsai MC, Lin HC, Pai F, Lee CZ. Weekly pattern of 
emergency room admissions for peptic ulcers: A population-
based study. World J Gastroenterol 2015; 21(11): 3344-3350  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i11/3344.htm  DOI: http://dx.doi.org/10.3748/wjg.v21.
i11.3344

INTRODUCTION
A peptic ulcer (PU) is a common gastrointestinal tract 
disorder that is mainly located in the stomach and 
proximal duodenum[1-3]. Previous studies show that the 
overall prevalence of PUs varies by country, e.g., 4.1% 
in northern Sweden[4], 8.4% in the United States[5], 
and 17.2% in China[6]. In addition, some studies have 
reported monthly or seasonal variations in PU-related 
disorders among various regions or countries. An 
Italian study shows that the number of PU cases is 
lower in summer than in winter, spring, or autumn[7]. 
Studies from China and Japan also report that cases 
of hemorrhage caused by PU increase during the 
winter and decrease during summer[8-10]. Furthermore, 
researchers in Turkey have observed a peak in the 
number of PU incidences in winter, consistent with 
findings of previous studies[11].

Although prior studies have reported the same 
pattern of seasonal variation in PU incidence, very 
few studies have focused on PU onset variation with 
respect to the daily rhythm of people’s lives. The 
majority of such studies were also performed in the 
1980s. For example, studies in Canada and Israel 

show a higher incidence of perforated PUs on Tuesdays 
and Wednesdays[12,13], whereas a study in Scotland 
revealed a high incidence on Fridays and Saturdays[14], 
and a Norwegian study found a higher incidence on 
Thursdays and Fridays[15]. Thus, the results of such 
chronobiologic studies on the daily variation of PU 
incidence remain inconsistent.

The main purpose of this population-based study 
was to investigate the variations in PU incidence in 
Taiwan by day of the week within subgroups defined 
by age. If the weekly pattern associated with PU 
onset could be established, it might provide decisive 
information for clinicians and ultimately, guide in the 
development of preventive strategies.

MATERIALS AND METHODS
Data source
Ambulatory care data were retrieved from the 
Longitudinal Health Insurance Database (LHID2000) 
published by the Taiwan National Health Research 
Institute. The LHID2000 includes de-identified claims 
data on one million randomly selected enrollees of 
Taiwan’s National Health Insurance program that was 
designed to be representative of the total enrolled 
population as of December 2000 (n = 23.72 million), 
and thus was exempted from full review by the 
National Defense Medical Center’s Internal Review 
Board. The Taiwan National Health Research Institute 
and independent researchers have demonstrated the 
representative validity of the sample and the high 
data accuracy of the claims-based LHID2000 on the 
diagnostic and therapeutic documentation relative to 
patient charts[16,17].

Study sample
A total of 9234 emergency room (ER) admission 
claims for the treatment of PU (ICD-9-CM codes 
530-531) from 7204 subjects ≥ 18 years-old between 
January 2009 and December 2011 were identified. 
Readmission to the ER within seven days of the first 
visit was not counted, but treated as part of the same 
episode.

Statistical analysis
The statistical methods of this study were reviewed by 
Yi-Hua Chen from the School of Public Health of Taipei 
Medical University. Data analyses were performed with 
SPSS 10.0 (SPSS Inc., Chicago, IL, United States) 
statistical software. Data were divided into the seven 
days of the week, with an additional variable for 
holidays (defined as national holidays in Taiwan) falling 
on weekdays or weekends. The daily mean number of 
incidences of PU ER admissions within the week for the 
total and each age group (18-64 years old and ≥ 65 
years old) is presented.

Subgroup analyses were conducted to investigate 
daily mean incidences of PU ER admissions in patients 
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who had been diagnosed with Helicobacter pylori (H. 
pylori) infection (ICD-9-CM code 04186) and in patients 
who had been prescribed non-steroidal anti-inflammatory 
drugs (NSAIDs) for > 30 d, which are important factors 
for young and elderly patients with PUs[18,19].

One-way analysis of variance was used to examine 
associations between the daily mean number of PU 
ER admissions and holidays/weekend days/work 
days. The percentage of variation from the mean 
daily figures was calculated as: (specific day ER visit 
number - mean daily visit number)/mean daily visit 
number. Data are presented as mean ± SD, and 
statistical significance was set at P ≤ 0.05.

This study was conducted in accordance with the 
Strengthening the Reporting of Observational Studies 
in Epidemiology guidelines[20]. 

RESULTS
Based on the distribution of sample subjects by 
demographic characteristics, the mean sample age 
was 57.5 ± 19.8 years (Table 1). Almost half (43.0%) 
of the sample subjects resided in northern Taiwan, 
where Taipei, the most populated city and region 
in Taiwan, is located. Moreover, the lowest income 
population (36.0%) was more likely to be affected with 
PU than the highest income population (18.1%). These 
results might be due to poor standards of hygiene, 
psychologic stress, and health risk behaviors in the low 
socioeconomic status population[21].

In the period of 2009-2011, there was a total of 
9234 ER admissions for PU, with a mean of 8.4 ± 3.1 
daily PU ER admissions. The daily mean numbers of 

PU ER admissions by weekday are presented in Table 
2 and Figure 1. Sundays (9.98 ± 3.12) and holidays 
(12.07 ± 5.01) had higher mean PU ER admissions 
than other non-holiday weekdays. 

Correspondingly, one-way analysis of variance 
showed a significant weekly variation of PU onset in 
the 18-64 years of age group (P < 0.001), but not for 
the ≥ 65 years of age group. The daily mean incidence 
of PU ER admissions by age group is presented in 
Figure 2. 

The percent variations of daily admissions of each 
age group from the mean daily admission during the 
three-year study period are shown in Figure 3. The 
patterns of weekday-wise variations were similar for 
the 18-64 and ≥ 65 years of age groups. The patterns 
showed an increase on Saturdays and a peak number 
on holidays; Sundays and holidays had 13.4% and 
37.1% higher PU ER admissions, respectively, than the 
mean daily PU ER admissions.

In addition, limiting the PU ER admissions to 
those treated for PU with hemorrhage or perforation, 
Sundays and holidays still had higher mean ER PU 
admissions than other non-holiday weekdays (Figure 
4).

Table 3 presents the daily mean incidences of PU 
ER admissions for patients diagnosed with H. pylori 
infection. Only holidays had higher mean PU ER 
admissions than other non-holiday weekdays and 
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Table 1  Demographic characteristics of patients with peptic 
ulcers admitted to an emergency room in Taiwan between 
2009 and 2011 (n  = 7204)

Variable n  (%)

Age (yr)
   18-44 2426 (33.7)
   45-64 2211 (30.7)
   ≥ 65 2567 (35.6)
Sex
   Male 3842 (53.3)
   Female 3362 (46.7)
Geographic region
   Northern 3099 (43.0)
   Central 1878 (26.1)
   Southern 1898 (26.4)
   Eastern 329 (4.6)
Urbanization level
   1 (most urbanized) 1796 (24.9)
   2 1869 (25.9)
   3 1137 (15.8)
   4 1182 (16.4)
   5 (least urbanized) 1220 (16.9)
Monthly income
   NTD 1-15840 3308 (45.9)
   NTD 15841-25000 2593 (36.0)
   ≥ NTD 25001 1303 (18.1)

Table 2  Emergency room admissions by weekday of patients 
with peptic ulcers

Variable Mean SD Days Minimum Maximum

Monday   8.42 2.86 149 2 18
Tuesday   7.63 2.74 153 2 15
Wednesday   7.91 3.04 152 1 15
Thursday   7.99 2.80 154 2 15
Friday   7.75 2.73 155 2 17
Saturday   8.65 3.09 150 2 18
Sunday   9.98 3.12 152 4 17
Holiday 12.07 5.01   30 5 22
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Figure 1  Daily mean incidences and 95%CI of peptic ulcer admitted to the 
emergency rooms.
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DISCUSSION
This population-based study demonstrates a sta-
tistically significant variation with days of the week for 
PU ER admissions. The highest ER admissions of PU 
with or without complications occur on Sundays and 
holidays. Similar patterns are also observed for ER 
admissions of PU with hemorrhage and perforation. 
Moreover, with further stratification by age, a 
significant weekly variation of PU onset is observed in 
the group aged 18-64 years, but not for the group of 
patients ≥ 65 years.

Numerous studies have investigated diurnal, weekly, 
or seasonal variations in the onset of different diseases, 
such as cardiovascular diseases[7,22-24], cerebrovascular 
diseases[25,26], and psychiatric disorders[27-29], as well as 
complicated (including hemorrhage and perforation) 
and uncomplicated PUs[8-11], for which the highest 
incidences are in winter. This seasonal fluctuation of PU 
may be affected by several factors, including climatic 
factors[30], increased intake of NSAIDs in winter[31], 
significantly increased number of H. pylori infections 
in winter[32], and variations in alcohol consumption[33]. 
The importance of the diurnal and weekly rhythms in 

weekends.
Daily mean incidences of PU ER admissions for 

patients who had been prescribed NSAIDs for over 
30 d are shown in Table 4. Sundays and holidays had 
higher mean PU ER admissions than other non-holiday 
weekdays.
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Figure 2  Daily mean incidences and 95%CI of peptic ulcer admitted to the emergency rooms, by different age groups: 18-64 (A) and ≥ 65 years old (B).
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Figure 4  Daily mean incidences and 95%CI of peptic ulcer with 
hemorrhage or perforation admitted to emergency rooms.
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people’s lives has been emphasized for many years 
and the associated physiologic variables have recently 
been identified[34].

The discrepancy of our results with previous studies 
may be due to several factors. First, all of the preceding 
studies focused on the onset of perforated PU, whereas 
the present study included both complicated and 
uncomplicated PUs. Second, the studies in Canada and 
Israel used data from selected hospitals, preventing 
the generalizability of their conclusions[12,13]. Third, 
most of the studies were conducted before H. pylori 
was identified. In recent years, the management of PU 
has improved and the prevalence of H. pylori infection 
has decreased[35]. Thus, the current fluctuations in 
PU onset may be different from those reported three 
decades ago. However, our results of increased PU 
admissions on weekends and on holidays (defined as 
off-hour in Taiwan) are in agreement with a recent 
study in Norway reporting that off-hour admission 
rates (Saturdays and Sundays and/or during evening 
and nighttime) of perforated PU are higher than during 
regular office hours (weekdays and/or daytime)[36]. 

There are different patterns of weekly variations 
in PU admission by age in this study. In contrast to 
the significantly higher PU incidence on weekends and 
holidays in those 18-64 years of age, the frequency 
of PU admission is not different between workdays 
and weekends/holidays in those ≥ 65 years-old. 
This phenomenon may be due to dissimilar lifestyles 
of patients in different age groups. In Taiwan, the 
retirement age for workers is approximately 65 years-
old. Moreover, the lifestyle of people aged ≥ 65 years 
is more consistent across the whole week than in the 
working population. Thus, the weekly variation in PU 
admission is not observed in the elderly group.

The strengths of this study include the use of 
a nationwide population-based dataset, which has 
a single-payer system and covers 99.6% of the 
population (23 million) in Taiwan[37]. These features can 
avoid selection bias. This study also uses the diagnostic 
codes and medical information from the National 
Health Insurance database rather than the memory 
of PU patients, preventing recall bias. However, some 
limitations should also be noted. First, there is no 
clinical information or records regarding cigarette 

smoking, alcohol consumption, or emotional stress, 
which may all be risk factors for PU onset. Second, 
some PU patients with mild symptoms may not be 
admitted to the ER, and thus, will not be recorded 
in the database. This condition may underestimate 
the onset of PU in this study. It is difficult for patients 
with severe PUs to endure the pain and associated 
complications, such as hemorrhage and perforation. 
Moreover, it is easy for patients to access medical care 
in Taiwan due to the National Health Insurance system. 
In addition, most patients will be admitted to ERs 
immediately when severe PUs occur. ERs are the only 
medical care sources available on Saturday afternoons, 
Sundays, and holidays, which can result in an increase 
number of ER visits on such days. Nonetheless, ER 
admission is provided on all days of the week, even at 
night. Therefore, the working population could receive 
ER health service after getting off work. Furthermore, 
patients must have a serious symptom in order to 
be admitted to the ER for observation in Taiwan. In 
order to mitigate the potential effect of this issue, the 
weekly variation for only complicated PUs (including 
hemorrhage and perforation) was investigated, and its 
fluctuation is similar to that found for both complicated 
and uncomplicated PUs.

In conclusion, daily fluctuations over the week 
are observed in PU ER admission. There is a higher 
incidence of PU admission on weekends than on 
weekdays for the total population and working popu-
lations. The findings may provide some information 
for clinicians and government officials. Public health 
authorities can tailor their health promotion events to 
include information on how to prepare for high-risk PU 
days and provide strategies to reduce the risk of PU on 
weekends and holidays.

COMMENTS 
Background
A peptic ulcer (PU) is a common gastrointestinal tract disorder that is mainly 
located in the stomach and proximal duodenum. Many studies have reported 
monthly or seasonal variations in PU-related disorders within various regions 
or countries. However, very few studies have focused on the weekly pattern 
concerning PU onset.
Research frontiers
The importance of the diurnal and weekly rhythms in people’s lives has been 
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Table 3  Emergency room admissions by weekday of patients 
with peptic ulcers diagnosed with Helicobacter pylori  
infection

Variable Mean SD Days Minimum Maximum

Monday 3.35 4.56 149 0 16
Tuesday 2.54 4.00 153 0 14
Wednesday 2.57 4.06 152 0 14
Thursday 3.05 4.41 154 0 15
Friday 2.90 4.38 155 0 16
Saturday 3.33 4.88 150 0 18
Sunday 3.63 5.40 152 0 16
Holiday 5.07 7.57   30 0 21

Table 4  Emergency room admissions by weekday of patients 
with peptic ulcers receiving non-steroidal anti-inflammatory 
drugs for > 30 d

Variable Mean SD Days Minimum Maximum

Monday 3.97 4.83 149 0 16
Tuesday 2.71 4.23 153 0 15
Wednesday 3.81 4.80 152 0 15
Thursdays 3.23 4.51 154 0 15
Friday 3.15 4.46 155 0 17
Saturday 3.61 5.16 150 0 18
Sunday 5.22 5.69 152 0 17
Holiday 9.67 6.89   30 0 22
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emphasized in recent years, and the associated physiologic variables have 
been identified. However, relevant studies on the weekly fluctuation of PU onset 
are still limited.
Innovations and breakthroughs
This study demonstrates a statistically significant variation over the days of the 
week for PU emergency room (ER) admissions. The highest ER admissions 
for PU with or without complications occur on Sundays and holidays. Similar 
patterns are also observed for ER admissions of PU with hemorrhage and 
perforation. Moreover, with further stratification by age, a significant weekly 
variation of PU admission is observed in the working population.
Applications
Daily fluctuations over the week are observed in PU ER admission. There is 
a higher incidence of PU admission on weekends than on weekdays for the 
total and working populations. The findings may provide some information for 
clinicians and government officials. Public health authorities can tailor their 
health promotion events to include information on how to prepare for high-risk 
PU days, and to provide strategies to reduce the risk of PU on weekends and 
holidays.
Peer-review
This is a good population-based study in which the authors observed the 
fluctuation of PU ER admissions over the week. The results of this study 
showed that higher incidence of PU admission occurs on weekends than on 
weekdays for the total and working populations.
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Abstract
AIM: To evaluate the diagnostic accuracy of magnetic 
resonance cholangiopancreatography (MRCP) in 
patients with choledocholithiasis.

METHODS: We systematically searched MEDLINE, 
EMBASE, Web of Science, and Cochrane databases for 
studies reporting on the sensitivity, specificity and other 
accuracy measures of diagnostic effectiveness of MRCP 
for detection of common bile duct (CBD) stones. Pooled 
analysis was performed using random effects models, 
and receiver operating characteristic curves were 
generated to summarize overall test performance. Two 
reviewers independently assessed the methodological 
quality of studies using standards for reporting 
diagnostic accuracy and quality assessment for studies 
of diagnostic accuracy tools. 

RESULTS: A total of 25 studies involving 2310 patients 
with suspected choledocholithiasis and 738 patients 
with CBD stones met the inclusion criteria. The average 
inter-rater agreement on the methodological quality 
checklists was 0.96. Pooled analysis of the ability of 
MRCP to detect CBD stones showed the following effect 
estimates: sensitivity, 0.90 (95%CI: 0.88-0.92, χ 2 = 
65.80; P  < 0.001); specificity, 0.95 (95%CI: 0.93-1.0, 
χ 2 = 110.51; P  < 0.001); positive likelihood ratio, 13.28 
(95%CI: 8.85-19.94, χ 2 = 78.95; P  < 0.001); negative 
likelihood ratio, 0.13 (95%CI: 0.09-0.18, χ 2 = 6.27; P  
< 0.001); and diagnostic odds ratio, 143.82 (95%CI: 
82.42-250.95, χ 2 = 44.19; P  < 0.001). The area under 
the receiver operating characteristic curve was 0.97. 
Significant publication bias was not detected (P  = 
0.266).

CONCLUSION: MRCP has high diagnostic accuracy 
for the detection of choledocholithiasis. MRCP should 
be the method of choice for suspected cases of CBD 
stones.

Key words: Choledocholithiasis; Diagnosis; Magnetic 
resonance cholangiopancreatography; Common bile 
duct; Meta-analysis

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

META-ANALYSIS

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i11.3351

World J Gastroenterol  2015 March 21; 21(11): 3351-3360
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.

3351 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com



severe biliary pancreatitis. However, ERCP and 
endoscopic sphincterotomy are invasive procedures 
that may cause serious complications[7,9] and can 
potentially exacerbate acute pancreatitis[6]. Therefore, 
an accurate, safe, and efficacious method is needed to 
diagnose CBD stones in a definitive manner.

The diagnostic accuracy of endoscopic ultrasono
graphy (EUS) for biliary tract stone disease is > 
95%, which is less invasive than ERCP and is reliable 
at identifying bile duct stones[1013]. However, its 
results are highly dependent on the operator, and the 
procedure is not widely available in clinical practice. 
In addition, visualization of all segments of the biliary 
tract may be incomplete or unsuccessful during EUS[11].

In many institutions, magnetic resonance cho
langiopancreatography (MRCP) is replacing ERCP 
as a diagnostic procedure for the investigation of 
benign biliary obstructions and chronic pancreatitis, 
in part due to its comparable accuracy[14]. MRCP has 
an advantage because of its technical versatility, 
multiplanar capability, superior soft tissue resolution, 
and the potential to evaluate choledocholithiasis 
accurately in the preoperative acute calculous chole
cystitis setting. Unlike ERCP, MRCP is noninvasive, can 
be performed rapidly, does not expose the patients to 
ionizing radiation or iodinated contrast materials[15], 
which is useful for evaluating biliopancreatic disease, 
and has good results for detecting CBD stones[16]. All 
segments of the biliary tree can be visualized using 
MRCP. Although ERCP is considered the standard for 
diagnosis of bile duct stones, small bile duct stones can 
be overlooked[17]. However, the selective use of MRCP 
in clinically equivocal situations has not been explored 
until now. The goal of this study was, therefore, to 
rigorously evaluate the effectiveness of MRCP for 
detection of CBD stones in patients with suspected 
choledocholithiasis via systematic review and meta
analysis.

MATERIALS AND METHODS
Search strategy
In March 2014, we searched MEDLINE (19802014), 
EMBASE (19802014), Web of Science (19902014) 
and Cochrane databases to identify studies. Although 
no language restrictions were imposed initially, only 
Englishlanguage articles were included for the full
text review and final analysis. Additional articles 
were searched using the “Related articles” function in 
PubMed and by manually searching reference lists of 
identified articles and review articles. The following 
search terms were used: “magnetic resonance 
cholangiopancreatography” or “MRCP” and “common 
bile duct” or “choledocholithiasis” and “diagnosis” and 
“sensitivity” and “specificity.” We contacted experts in 
the field to ask about studies that we may have missed 
in the databases. Conference abstracts and letters to 
the editor were excluded because of the limited data 
they contained.
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Core tip: Unlike endoscopic retrograde cholan-
giopancreatography, magnetic resonance cholan-
giopancreatography (MRCP) is noninvasive, can be 
performed rapidly and has demonstrated good results 
for the detection of common bile duct stones. Moreover, 
MRCP does not expose patients to ionizing radiation or 
iodinated contrast media, which is useful for evaluating 
biliopancreatic disease. However, the selective use of 
MRCP in clinically equivocal situations has not been 
explored until now. The goal of this study was to 
evaluate the effectiveness of MRCP for the detection 
of common bile duct stones in patients with suspected 
choledocholithiasis.

Chen W, Mo JJ, Lin L, Li CQ, Zhang JF. Diagnostic 
value of magnetic resonance cholangiopancreatography in 
choledocholithiasis. World J Gastroenterol 2015; 21(11): 
3351-3360  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i11/3351.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3351

INTRODUCTION
The incidence of choledocholithiasis in patients with 
the common disorder, cholelithiasis, varies between 7% 
and 20%, of which 5% are asymptomatic[1,2]. Although 
common bile duct (CBD) stones may be silent, the 
development of complications such as cholangitis and 
acute pancreatitis is associated with major morbidity 
and mortality. Therefore, the detection and treatment 
of CBD stones is mandatory.

Usually, the diagnosis of choledocholithiasis is 
based on a combination of clinical suspicion (biliary 
colic, jaundice and cholangitis), biochemical analysis 
(raised conjugated bilirubin and alkaline phosphatase 
levels) and imaging findings. Individually, these 
indicators have varying levels of diagnostic accuracy 
and none represent a completely reliable method 
for identifying bile duct stones[3]. Intraoperative 
cholangiography (IOC) is standard procedure during 
open cholecystectomy that can detect CBD stones 
with a sensitivity of 100% and specificity of 98%[4]. 
It is an invasive investigation with intraoperative 
and postoperative morbidity of 6.3% and 15.9%, 
respectively. Its routine use is associated with 
increased cost and operating time[5].

Endoscopic retrograde cholangiopancreatography 
(ERCP) is the gold standard for both diagnosis 
and treatment of CBD stones. It also allows direct 
visualization of duct anatomy. However, the procedure 
is associated with an overall complication rate of 
5%10% and mortality rate of 0.02%0.50%[68]. 
Ductal cannulation is difficult or impossible in patients 
who have undergone previous surgery, which includes 
Billroth type Ⅱ gastrectomy and hepaticoenterostomy. 
Early ERCP and stone extraction after endoscopic 
sphincterotomy decrease morbidity in patients with 



Study inclusion criteria
A study was included when it provided both the 
sensitivity (truepositive rate) and specificity (false
positive rate) of using MRCP for detection of CBD 
stones in patients of any age with suspected 
choledocholithiasis. Studies were also included if they 
reported the values of MRCP effectiveness in a scatter 
plot format that allowed patient data to be extracted. 
Studies were excluded if they involved fewer than ten 
patients with suspected choledocholithiasis to reduce 
selection bias due to small numbers of participants. 
Patients had to be diagnosed with choledocholithiasis 
based on ERCP and/or IOC. Two reviewers (Mo JJ, 
Lin L) independently determined study eligibility, and 
disagreements were resolved by consensus.

Data extraction and quality assessment
Two reviewers (Mo JJ, Lin L) independently confirmed 
the eligibility of the final set of studies and extracted 
the following data: first author, publication year, 
participant characteristics, assay methods, sensitivity 
and specificity data, and methodological quality. The 
values of MRCP effectiveness provided in scatter plots 
were extracted by placing scalar grids over the plots. 
A receiver operating characteristic (ROC) curve was 
calculated for each study (IBM Inc., Armonk, NY, 
United States). 

To enable us to assess the methodological quality 
of the included studies, we extracted data on the 
following study design characteristics: (1) cross
sectional or casecontrol design; (2) consecutive or 
random sampling of patients; (3) blinded (single or 
double) or nonblinded interpretation of experimental 
and reference measurements; and (4) prospective or 
retrospective data collection. The two reviewers (Mo 
JJ, Lin L) independently assessed the methodological 
quality of studies using the standards for reporting 
diagnostic accuracy (STARD) guidelines[18], which 
provide for a maximum score of 25, and quality 
assessment for studies of diagnostic accuracy 
(QUADAS) guidelines[19], which provide for a maximum 
score of 14. Average interrater agreement on the 
methodological quality checklists was 0.96. If primary 
studies did not report information needed to assess 
methodological quality, we contacted the authors in 
an effort to obtain the data. If the authors did not 
respond, we changed the response for the relevant 
items from “not reported” to “no” on the assessment 
instruments.

Statistical analysis
Standard methods recommended for metaanalyses 
of diagnostic test evaluations were used[20]. Analyses 
were performed using professional statistical software 
program (MetaDiSc for Windows; XI Cochrane 
Colloquium; Barcelona, Spain) and Stata version 
12.0 (Stata Corporation, College Station, TX, United 

States). The following measures of test accuracy 
were analyzed for each study: sensitivity, specificity, 
positive likelihood ratio (PLR), negative likelihood ratio 
(NLR) and diagnostic odds ratio (DOR). A summary 
ROC (SROC) curve[21] was generated for each study 
based on a single test threshold for sensitivity and 
specificity[20,22]. A random effects model was adopted 
to calculate the average sensitivity, specificity, and 
other measures across studies[23,24]. 

To assess the effects of STARD and QUADAS scores 
on the diagnostic power of MRCP, we included them as 
covariates in a univariate, inverse varianceweighted 
metaregression. We also analyzed the effects of other 
covariates on DOR, such as crosssectional design, 
consecutive or random sampling of patients, single 
or doubleblinded interpretation of experimental 
and reference measurements, and prospective or 
retrospective data collection. The relative DOR (RDOR) 
was calculated to analyze the change in diagnostic 
precision in each study per unit increase in the 
covariate[25,26]. 

The heterogeneity, or variability, across studies was 
assessed for statistical significance using the χ 2 and 
Fisher’s exact tests. Publication bias can pose problems 
for metaanalyses of diagnostic studies, therefore, 
we tested for the potential presence of this bias with 
funnel plots and the Egger’s test[27].

RESULTS
Selection and summary of studies
We identified 292 citations via electronic searches, and 
40 were retrieved for detailed analysis (Figure 1). Six 
studies were excluded for failing to satisfy the inclusion 
criteria[2833], and another three were excluded because 
they failed to provide sufficient information[3436]. Two 
articles were metaanalyses[37,38]. One paper was 
excluded because it was a Chinese study[39]. One 
study was a duplicate publication[3]. One study was 
excluded for being a reply letter[40] and one paper was 
excluded for involving fewer than 10 participants[41]. 
In the end, 25 publications were included in the 
analysis[4266], involving 2310 patients with suspected 
choledocholithiasis and 738 with CBD stones. The 
average sample size of the studies was 69 patients 
(range: 27278). Table 1 summarizes the clinical 
characteristics of participants in each study; numbers 
of true positives, false positives, false negatives and 
true negatives; and STARD and QUADAS scores.

Methodological quality of the included studies
Of the 25 studies in the metaanalysis, 23 had STARD 
scores ≥ 13, and 21 had QUADAS scores ≥ 10. All 
studies collected data from consecutive patients. 
There were nine randomized, prospective, blinded 
trials according to the corresponding reference 
measurements (Table 2). 
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specificity. Figure 3 shows an SROC curve for rates of 
true and false positives from individual studies of MRCP 
detection. Using this plot, we determined the Q value, 
defined as the point of intersection of the SROC curve 
with a diagonal line extending from the left upper 
corner to the right lower corner of the plot. The Q 
value indicates the highest identical value of sensitivity 
and specificity, thereby serving as an overall measure 
of the discriminatory power of a test. Our SROC curve 
was desirably positioned near the upper left corner, 
and the maximum joint sensitivity and specificity was 
0.92. The area under the curve was 0.97, indicating 
high overall accuracy. 

Multiple regression analysis and publication bias
Quality scores based on the STARD[18] and QUADAS[19] 
guidelines were generated for every study on the 
basis of the title and introduction, methods, results 
and discussion (Table 1). These scores were used in a 
metaregression to assess the effect of study quality 
on the RDOR of MRCP in the diagnosis of CBD stones. 
As shown in Table 3, studies of higher quality (STARD 
score ≥ 13; QUADAS score ≥ 10) produced RDOR 
values similar to those of lowerquality studies. In 
addition, RDOR values did not differ significantly as 
a function of blinding, crosssectional or casecontrol 
design, consecutive or random sampling, prospective 
or retrospective design (all P > 0.05). These results 
suggest that study design did not significantly affect 
diagnostic accuracy and that the risk of detection bias 
was lower. The Egger’s test showed no evidence of 
significant publication bias in the reporting of MRCP 
detection as a method for diagnosis of CBD stones (P 
= 0.266).

DISCUSSION
Although MRCP can provide an accurate diagnosis of 
CBD stones, only a few investigators have evaluated 
its utility in the preoperative evaluation of symptomatic 
gallstones. Accordingly, the precise role of MRCP in 
this regard has yet to be determined. Some authors 
recommend MRCP for patients with a moderate risk 
of CBD stones and ERCP before any other imaging 
examination for patients who are at high risk[67,68]. 
Others recommend MRCP for patients with a high or 
moderate risk for CBD stones and ERCP for patients 
in whom stones have been depicted by other imaging 
modalities[69].

MRCP has recently been developed as a nonin
vasive, yet highly sensitive, method for diagnosing 
diseases of the biliary tract. One metaanalysis that 
included 15 studies concluded that the sensitivity of 
MRCP for diagnosis of choledocholithiasis ranged from 
0.5 to 1.0, while specificity ranged from 0.83 to 1.0[37]. 
Another systematic review including five RCTs showed 
that the aggregated sensitivity and specificity of MRCP 
for the detection of choledocholithiasis were 0.85 and 

Diagnostic accuracy
A Forest plot of MRCP values in all 25 included studies 
showed that the sensitivity of MRCP in detection of 
CBD stones ranged from 0.38 to 1.0 (mean 0.90, 
95%CI: 0.880.92, χ 2 = 65.80; P < 0.001), while 
the specificity ranged from 0.19 to 1.0 (mean 0.95, 
95%CI: 0.931.00, χ 2 = 110.51; P < 0.001) (Figure 
2). The PLR was 13.28 (95%CI: 8.8519.94, χ 2 = 
78.95; P < 0.001), NLR was 0.13 (95%CI: 0.090.18, 
χ 2 = 66.27; P < 0.001) and DOR was 143.82 (95%CI: 
82.42250.95, χ 2 = 44.19; P < 0.001). These χ 2 and 
associated P values indicate significant heterogeneity 
among studies. The ten randomized controlled trials 
(RCTs) showed that the sensitivity, specificity, PLR, 
NLR and DOR of MRCP in detection of CBD stones was 
0.91, 0.95, 10.83, 0.13 and 136.32, respectively.

Unlike the traditional ROC plot for assessing 
diagnostic power, an SROC plot reveals the effect of 
varying thresholds on sensitivity and specificity in 
a single study. Different studies appear as different 
data points in an SROC plot. In this way, SROC 
curves provide a global summary of test performance 
and illustrate the tradeoff between sensitivity and 
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Potentially relevant articles 
identified in the databases

n  = 292

Potentially relevant articles 
analyzed in depth

n  = 40

Articles included in meta-analysis
n  = 25

Articles excluded (n  = 252) because they were:
   Irrelevant based on review of titles and 
abstracts (199)
   Published in languages other than English 
(German, 1; French, 2; Japanese, 4; Spanish, 4; 
Japanese, 4; Dutch, 1; Hungarian, 1; Danish, 1; 
Romanism, 1; Chinese, 1)
   Not available with full text (8)
   Review articles (14)
   Meta-analysis (9)
   Case reports (2)

Articles excluded (n  = 15) because they:
   Did not satisfy the inclusion criteria (6)
   Did not report sufficient information (3)
   were meta-analyses (2)
   Had fewer than 10 participants (1)
   Were “duplicate” publications (1)
   Was replay letter (1)
   Was Chinese paper (1)

Figure 1  Flow chart of study selection.
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Table 1  Summarized details of magnetic resonance cholangiopancreatography detections and overall methodological quality of 
included studies

Ref. Year Patients, n Assay method Assay system Assay results Quality score

TP FP FN TN STARD QUADAS

Hochwald et al[42] 1998   48 MRCP, ERCP 1.5 T machine 19   3 1   25 15 11
Boraschi et al[43] 1999 278 MRCP, ERCP 1.5 T MR unit 71   5 5 197 16 11
de Lédinghen et al[44] 1999   32 EUS, MRCP, ERCP 1 T system 10   6 0   16 20 13
Lomas et al[45] 1999   69 MRCP, ERCP 1.5 T MR system 9   2 0   58 13   9
Varghese et al[46] 1999 100 MRCP, ERCP 1.5 GE unit 28   1 2   69 17 12
Stiris et al[47] 2000   50 MRCP, ERCP 1.0 T 28   1 4   17 17 12
Taylor et al[48] 2002 129 MRCP, ERCP 1.5 T MR system 45   9 1   74 18 12
Topal et al[49] 2003   69 MRCP, ERCP 1.5 T MR system 18   0 1   50 14 10
Kejriwal et al[50] 2004   81 MRCP, ERCP Vision 1.5T MRI 20   1 2   58 13 10
Simone et al[51] 2004   65 MRCP, ERCP, IOC 1.0 T gyroscan NT 13   6 8   38 13   9
Dalton et al[52] 2005   69 MRCP, ERCP, IOC 1.5 T MR unit 16   2 1   50 11   7
Hallal et al[53] 2005   27 MRCP, ERCP, IOC Unknown   4   2 0   21 14 10
Kondo et al[54] 2005   28 EUS, MRCP, HCT-C 1.5 T MR system 21   1 3     3 18 13
Moon et al[55] 2005   29 IDUS, MRCP, ERCP 1.5T MR system 16   1 4     8 17 11
Okada et al[56] 2005   40 CTCh, MRCP 1.5 T system 12   3 3   22 13   9
Shanmugam et al[57] 2005 221 MRCP, ERCP, EUS 0.5 T MRI 97 19 2 103 18 14
De Waele et al[58] 2007 104 MRCP, ERCP, EUS 1.5 T unit 19   2 4   79 16 11
Schmidt et al[59] 2007   57 MRCP, ERCP, EUS 1 T magnet 17   2 5   33 15 10
Hekimoglu et al[60] 2008 269 MRCP, ERCP 1.5 T unit 16   0 2 251 19 14
Nandalur et al[61] 2008   95 MRCP, ERCP 1.5 T system 21   1 7   66 18 13
Norero et al[62] 2008 125 MRCP, ERCP, CT 1.5 T MR system 83 10 3   29 15 11
Srinivasa et al[63] 2010 117 MRCP, ERCP, IOC Siemens Vision 1.5 T 15   2 8 102 16 12
Bilgin et al[64] 2012 108 MRCP, ERCP, IOC 1.5 T MR scanner 28   3 6   71 16 11
Zhang et al[65] 2012   70 MRCP, MDCT 1.5 T MR system 19   2 1   48 18 13
Mandelia et al[66] 2013   30 MRCP, USG 1.5 T MR system 19   1 1     9 17 12

CT: Computed tomography; CTCh: Cholangiography computed tomography; ERCP: Endoscopic retrograde cholangiopancreatography; EUS: Endoscopic 
ultrasonography; FN: False-negative; FP: False-positive; HCT-C: Helical-computed-tomographic cholangiography; IDUS: Intraductal ultrasonography; 
IOC: Intraoperative cholangiography; MDCT: Multidetector-row computed tomography; MR: Magnetic resonance; MRCP: Magnetic resonance 
cholangiopancreatography; QUADAS: Quality assessment for studies of diagnostic accuracy; STARD: Standards for reporting diagnostic accuracy; TN: 
True-negative; TP: True-positive; USG: Ultrasonography.

Table 2  Additional characteristics of patients and methodologies in the included studies

Ref. Year Country CBD/N-CBD, 
n

Reference standard Cross-sectional 
design

Consecutive or 
random sampling

Blinded 
design

Prospective 
design

Hochwald et al[42] 1998 United States  20/28 ERCP No Yes No No
Boraschi et al[43] 1999 Italy    76/202 ERCP, PTC, IOC No Yes No No
de Lédinghen et al[44] 1999 France   10/-22 ERCP, IOC Yes Yes Yes Yes
Lomas et al[45] 1999 United Kingdom   9/60 ERCP No Yes No Yes
Varghese et al[46] 1999 Ireland 30/70 ERCP No Yes Yes Yes
Stiris et al[47] 2000 Norway 32/18 ERCP Yes Yes Yes Yes
Taylor et al[48] 2002 Australia 46/83 ERCP Yes Yes Yes Yes
Topal et al[49] 2003 Belgium 19/50 ERCP, IOC No Yes No No
Kejriwal et al[50] 2004 New Zealand 22/59 ERCP No Yes No No
Simone et al[51] 2004 France 21/44 ERCP, IOC No Yes Yes Yes
Dalton et al[52] 2005 United Kingdom 17/52 ERCP, IOC No Yes No Yes
Hallal et al[53] 2005 United States     4/-23 IOC Yes Yes Yes Yes
Kondo et al[54] 2005 Japan 24/-4 ERCP Yes Yes Yes Yes
Moon et al[55] 2005 South Korea 20/-9 ERCP, IDUS No Yes Yes Yes
Okada et al[56] 2005 Japan 15/25 IOC No Yes Yes No
Shanmugam et al[57] 2005 United Kingdom   99/122 ERCP, IOC Yes Yes No No
De Waele et al[58] 2007 Belgium 23/81 ERCP, IOC No Yes No Yes
Schmidt et al[59] 2007 Switzerland 22/35 EUS, ERCP No Yes No Yes
Hekimoglu et al[60] 2008 Turkey   18/251 ERCP No Yes Yes Yes
Nandalur et al[61] 2008 United States 28/67 ERCP, PTC Yes Yes No No
Norero et al[62] 2008 Chile 86/39 ERCP No Yes No No
Srinivasa et al[63] 2010 Australia   23/104 ERCP, IOC No Yes No No
Bilgin et al[64] 2012 Turkey, Germany 34/74 ERCP, PTC No Yes No No
Zhang et al[65] 2012 China 20/50 MDCT No Yes Yes No
Mandelia et al[66] 2013 India   20/-10 ERCP No Yes No Yes

CBD: Common bile duct; ERCP: Endoscopic retrograde cholangiopancreatography; EUS: Endoscopic ultrasonography; IDUS: Intraductal ultrasonography; 
IOC: Intraoperative cholangiography; MDCT: Multidetector-row computed-tomography; PTC: Percutaneous transhepatic cholangiography.
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0.93, respectively[38]. In this review, we provide high
quality systematic evidence for MRCP as a predictor of 
choledocholithiasis, demonstrating high sensitivity and 

specificity for predicting CBD stones with high overall 
accuracy.

DOR is an indicator of test accuracy that combines 
sensitivity and specificity data into a single number[70]. 
The DOR is the ratio of the odds of positive test results 
in patients with disease relative to the odds of positive 
test results in patients without disease. The value of 
a DOR ranges from 0 to infinity, with higher values 
indicating better discriminatory test performance 
(higher accuracy). A DOR of 1.0 indicates that a test 
does not discriminate between patients with the 
disorder and those without it. Thus, higher DOR values 
indicate better discriminatory test performance. The 
mean DOR in our study was 143.82, indicating a high 
level of overall accuracy.

The SROC curve and DOR are difficult to interpret 
and relate to clinical practice, whereas likelihood 
ratios are more clinically meaningful[71], therefore, we 
also calculated PLRs and NLRs to assess diagnostic 
accuracy. Likelihood ratios of > 10.0 or < 0.1 indicate 
high accuracy. The overall PLR value in our meta
analysis indicates that patients with CBD stones have 
an approximately 13fold higher chance of being 
positive for MRCP detection compared with patients 
without choledocholithiasis. This high probability is 
considered sufficient to begin or continue ERCP/IOC 
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Figure 2  Forest plot showing sensitivity and specificity of magnetic resonance cholangiopancreatography in the diagnosis of choledocholithiasis. The 
point estimates of sensitivity and specificity from each study are shown as solid circles. Horizontal error bars indicate 95%CIs. Numbers between the plots refer to 
references. Pooled estimates for the magnetic resonance cholangiopancreatography detections were 0.90 for sensitivity (95%CI: 0.88-0.92) and 0.95 for specificity 
(95%CI: 0.93-1.0).
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Figure 3  Summary receiver operating characteristic curves for magnetic 
resonance cholangiopancreatography detection. Solid circles represent 
each study included in the meta-analysis. The size of each study is indicated by 
the size of the solid circle. Summary receiver operating characteristic (SROC) 
curves summarize the overall diagnostic accuracy; AUC: Area under the curve.
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treatment of choledocholithiasis patients. In contrast, 
the NLR value in our metaanalysis indicates that 
a patient without choledocholithiasis would still 
have a 13% chance of having CBD stones, which 
is insufficient to rule out choledocholithiasis. These 
findings suggest that a negative MRCP detection result 
should not be used alone as a justification to deny 
or discontinue CBD stone therapy. A better approach 
may be a combined diagnostic strategy drawing on 
clinical information as well as findings from clinical 
symptoms, ERCP, EUS, and/or serum bilirubin, alkaline 
phosphatase, aspartate aminotransferase, and alanine 
aminotransferase levels. 

An exploration of the reasons for heterogeneity 
rather than the computation of a single summary 
measure is an important goal of metaanalyses[72]. In 
our study, both STARD and QUADAS scores were used 
in the metaregression analysis to assess the effect of 
study quality on RDOR. Most of the studies were high 
quality (STARD score ≥ 13 or QUADAS score ≥ 10). 
We found that there was no statistical heterogeneity 
for sensitivity, specificity, PLR, NLR, or DOR among 
the studies, which indicates that the differences 
for studies with or without blinded, crosssectional, 
consecutive/random and prospective designs did not 
reach statistical significance, and the study design did 
not substantially affect diagnostic accuracy. 

The present metaanalysis had several limitations. 
First, the exclusion of conference abstracts, letters to 
editors, and nonEnglishlanguage studies may have 
led to publication bias, although our bias analysis 
suggests that this was not a significant problem. 
Second, nonrandom misclassification bias may have 
occurred due to the fact that different studies used 
various approaches to diagnose choledocholithiasis, 
including ERCP, IOC and/or EUS. Third, we did not 
identify multicenter and large, blinded RCTs that 
satisfied our inclusion criteria.

In conclusion, MRCP is a noninvasive investigation 
with fewer complications and it has high sensitivity, 
specificity and positive and negative predictive values 
for detection of CBD stones. We propose MRCP as 

the best method of choice for suspected cases of 
CBD stones, instead of ERCP, IOC and EUS, because 
of its high diagnostic accuracy and excellent features 
with technical versatility, multiplanar capability, and 
noninvasive nature.
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Abstract
Oral prescription medical foods have long been used 
in hospital settings but are also appropriate therapies 
for gastrointestinal disorders in outpatient medical 
practice. Oral serum-derived bovine immunoglobulin/
protein isolate (SBI) has been shown in clinical studies 
to reduce loose stools and improve stool consistency as 

well as other symptoms (i.e. , abdominal pain, bloating, 
and urgency) in patients with irritable bowel syndrome 
with diarrhea (IBS-D) and human immunodeficiency 
virus-associated enteropathy. This case series reports 
the outcomes of 14 IBS patients who received SBI as an 
addition to standard of care at an individual physician’s 
clinical practice. The patients: 2 IBS with constipation 
(IBS-C), 7 IBS-D, 2 mixed diarrhea and constipation IBS 
(IBS-M) and 3 undefined IBS (IBS-U; also described by 
some physicians as IBS-Bloating), ranged in age from 
22-87 years. SBI (5 g or 10 g daily dose) was added 
to the patient’s current standard care and followed for 
several weeks to determine if symptoms were improved 
with the addition of SBI. Overall, 12 of the 14 patients 
indicated some level of improvement through direct 
questioning of the patients regarding changes from the 
prior visit. One IBS-Bloating patient had a resolution of 
symptoms and two patients (1 IBS-Bloating and 1 IBS-C) 
discontinued therapy because of insufficient relief. The 
12 patients who continued on therapy reported an overall 
improvement in symptoms with better stool consistency, 
decreased frequency as well as reductions in abdominal 
pain, bloating, distention, and incontinence. In most 
cases, therapeutic effects of SBI were seen within the 
first four weeks of therapy with continued improvements 
at subsequent visits. SBI has a multifaceted mechanism 
of action and may help to manage IBS by providing 
a distinct protein source required to normalize bowel 
function, gastrointestinal microbiota, and nutritionally 
enhance tight junction protein expression between 
intestinal epithelial cells. SBI as a medical food provides 
a safe option for patients with IBS-D but may have 
application in other forms of IBS.

Key words: Irritable bowel syndrome; Diarrhea; Immu-
noglobulin; Bovine; Serum-derived; Gastrointestinal 
disease; Medical food
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Core tip: Oral prescription medical foods are becoming 
part of the outpatient medical practice and are finding 
new uses as a therapeutic option for gastrointestinal 
disorders. This case series investigates the use of oral 
serum-derived bovine immunoglobulin/protein isolate 
(SBI) in the management of differing forms of irritable 
bowel syndrome (IBS). Because of the multifaceted 
mechanism of action, SBI provides a distinct protein 
source to normalize bowel function, gastrointestinal 
microbiota, and nutritionally enhance tight junction 
protein expression. As such, there may be potential 
use for patients with other forms of IBS besides IBS-D. 
Additional research is needed to explore this use.

Good L, Rosario R, Panas R. New therapeutic option for 
irritable bowel syndrome: Serum-derived bovine immu-
noglobulin. World J Gastroenterol 2015; 21(11): 3361-3366  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i11/3361.htm  DOI: http://dx.doi.org/10.3748/wjg.v21.
i11.3361

INTRODUCTION
Irritable bowel syndrome (IBS) is a functional bowel 
disorder that is defined based upon the presence of 
abdominal pain and a change in bowel habit[1,2]. It is 
further categorized based upon stool consistency leading 
to a diagnosis of IBS with either constipation (IBS-C), 
diarrhea (IBS-D), mixed with alternating constipation 
and diarrhea (IBS-M) or undefined (IBS-U), which may 
have symptoms of bloating and distention. Population-
based studies have found IBS to be a common disorder 
affecting from 9%-22% of the population[3,4].

IBS is the most commonly diagnosed gastrointestinal 
(GI) disorder and has both a detrimental impact on 
patient quality of life as well as affecting work pro-
ductivity [2,5,6]. When compared to another GI disorder 
like gastroesophageal reflux disease (GERD), IBS 
patients had significantly greater impairment in the 
ability to carry out daily activities of living and basic 
work activities, which led to a greater loss of work[5,6]. 
IBS patients often suffer from other comorbidities 
such as anxiety, depression, fibromyalgia, migraine 
headaches, interstitial cystitis and temporomandibular 
joint syndrome[2]. The impact from changes in quality of 
life and activities of daily living results in an estimated 
annual economic burden of $25-50 billion[2,5,6].

Successful management of IBS is dependent 
upon symptom relief but options tend to be limited. 
For those with IBS-D, the primary goal is to manage 
bowel symptoms (reduce stool frequency, urgency, and 
bloating; improve stool consistency), while managing 
abdominal symptoms (pain and discomfort). There 
is no single accepted therapy for IBS. While there 
are some limited evidence-based recommendations 
and guidelines, there is no general consensus among 

clinicians for specific treatment options. Alosetron, a 
5HT3 antagonist, was originally approved for women 
with severe IBS-D because serotonin has been shown 
to affect motility and pain; however the safety profile 
has limited its use[7,8]. Rifixamin is an oral antibiotic 
that has shown potential benefits for some IBS-D 
patients, and has been shown to reduce abdominal 
pain in patients with IBS[9,10]. Other options include 
tricyclic antidepressants which can cause constipation, 
but can be of benefit improving stool consistency 
as well as addressing pain[11]. Anti-diarrheals, like 
loperamide and diphenoxylate hydrochloride/atropine, 
can increase transit time thereby allowing for increa-
sed water absorption[12]. Bulking agents such as 
methylcellulose and psyllium fiber also help with stool 
consistency[13]. Low FODMAP (fermentable oligo-, di-, 
and monosaccharides and polyol sugars) diets are yet 
another option to help address discomfort, bloating and 
flatulence by minimizing the ingestion of certain sugars 
and vegetables[14]. Despite the potential benefit of these 
various approaches, they all tend to provide limited 
improvements in patient symptoms leaving many 
patients unsatisfied with the overall effectiveness. As 
such, patients continue to seek other therapy options.

SBI (EnteraGamTM) is a prescription medical food 
product intended for the clinical dietary management 
of intestinal disorders in patients with chronic loose 
and frequent stools who have a limited or impaired 
capacity to ingest, digest, absorb, or metabolize certain 
nutrients; it is used under physician supervision[15]. 
SBI is a specially-formulated protein source consisting 
of > 90% protein, of which > 50% is immunoglobulin 
G (IgG)[15]. Studies have demonstrated that SBI is safe 
and improves gastrointestinal symptoms (e.g., chronic 
loose and frequent stools, abdominal discomfort, 
bloating, and urgency) in patients with ISB-D[16] or HIV-
associated enteropathy[17]. Approximately 25%-50% 
of orally administered IgG survives digestion in the 
stomach and small intestine[18]. The mechanism 
of action of SBI is postulated to involve binding to 
microbial components, maintaining immune balance in 
the gastrointestinal tract, managing gut barrier function 
including increasing expression of the tight junction 
proteins zonala occludens-1 (ZO1) and occludin, and 
improving nutrient uptake[18]. As such, SBI may provide 
distinct nutrition in the form of immunoglobulins 
and other proteins for patients and physicians when 
conventional therapies fail to adequately manage IBS-D.

CASE REPORT
IBS has different clinical expressions based upon stool 
consistency or frequency, as well as other associated 
gastrointestinal symptoms. This retrospective chart 
analysis explores the use of SBI in the management 
of 14 IBS patients with differing forms: 7 IBS-D, 2 
IBS-C, 2 IBS-M, and 3 IBS-Bloating (IBS-U) through 
clinical observations, physician questioning and patient 
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Table 2  Presentation of irritable bowel syndrome patients with constipation

Table 1  Presentation of irritable bowel syndrome patients with diarrhea

reporting.
The first group investigated were those patients 

with IBS-D (Table 1). Overall these patients, ranging 
in from 24-87 years of age, responded well to SBI 
therapy and all continued usage. The key complaints 
among these 7 patients were diarrhea (6), urgency (6), 
abdominal pain (6), frequency (5), and incontinence 
but symptoms of flatulence, distension, and cramping 
were also noted by some patients. While symptoms 
varied among these patients, the general response 
indicated a consistent improvement in abdominal 
and bowel symptoms with a marked reduction in 
abdominal pain, diarrhea, urgency and an improved 
stool consistency. There was also a noted resolution of 
incontinence. The duration of SBI therapy ranged from 
17-32 wk and all patients continue their SBI therapy 
for management of their IBS-D symptoms.

The second group investigated consisted of two 

patients diagnosed with IBS-C (Table 2). While SBI is 
specifically intended for use in IBS-D rather than IBS-C, 
the potential mechanism of action regarding barrier 
restoration may provide some symptom management 
in IBS-C. For one patient, a 22 year old female, SBI 
was ineffective in managing the patient’s overall 
IBS-C symptoms. In a second 55 year female patient, 
SBI improved the patient’s bloating, distension and 
nausea. However, the patient had no improvement in 
her obstipation (severe constipation resulting from an 
intestinal obstruction). The benefits perceived by the 
patient, however, were subjectively sufficient during the 
14 wk of SBI therapy that the patient has elected to 
continue the therapy.

The third group was two patients experiencing 
alternating diarrhea and constipation symptoms 
noted as IBS-M (Table 3). For the 33 year old female 
patient, there was an overall improvement in IBS-M 
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Patient No./age 
(yr)/gender

Primary symptoms Comorbidity Other GI therapy SBI 
therapy/
duration

Outcome

IBS-D 1/24/M Diarrhea, frequency Chronic urethritis Low FODMAP diet, Ongoing Complete resolution of symptoms
urgency, ulcerative proctitis mesalamine 32 wk

ABD pain
IBS-D 2/36/F Diarrhea Hypothyroidism None Ongoing Marked improvement in urgency and 

diarrheaurgency anxiety, 18 wk
incontinence depression

IBS-D 3/63/M Diarrhea Eosinophilic esophagitis, Pantoprazole Ongoing Complete resolution of symptoms
Flatulence, RIH, 27 wk

ABD cramps, BPH
urgency

IBS-D 4/86/M Loose stools, COPD, Domperidone Ongoing Marked improvement of urgency and 
diarrheaurgency, lung cancer 12 wk

cramping
IBS-D 5/36/F Diarrhea, Ulcerative colitis Low FODMAP diet, Ongoing No ABD pain, Loose stools/diarrhea 

improvedsevere ABD pain mesalamine 12 wk
IBS-D 6/87/F Diarrhea, Osteoporosis, Perphenazine/amitriptyline, Ongoing Dramatic reduction in symptoms

ABD pain, GERD, omeprazole 17 wk
distention, anxiety

urgency
IBS-D 7/66/M Diarrhea, Hypertension, Tramadol Ongoing Marked reduction in pain and urgency,

urgency, benign prostatic hyperplasia 16 wk Formed bowel movements
incontinenc,

ABD pain

ABD: Abdominal; IBS-D: Irritable bowel syndrome with diarrhea; SBI: Serum-derived bovine immunoglobulin; GI: Gastrointestinal; GERD: 
Gastroesophageal reflux disease.

Patient No./age (yr)/
gender

Primary symptoms Comorbidity Other GI therapy SBI therapy/duration Outcome

IBS-C 1/22/F Constipation, bloating, None Low FODMAP diet, Discontinued after 11 wk Ineffective
distension linaclotide,

lubiprostone
IBS-C 2/55/F Bloating, Non-erosive 

reflux disease
lubiprostone Ongoing Reduced bloating and distension,

distension, 14 wk obstipation unchanged
nausea,

obstipation

IBS-C: Irritable bowel syndrome with constipation; SBI: Serum-derived bovine immunoglobulin; GI: Gastrointestinal.
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Table 4  Presentation of patients with irritable bowel syndrome -bloating

Table 3  Presentation of irritable bowel syndrome patients with mixed with alternating constipation and diarrhea
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Patient No./age 
(yr)/gender

Primary Symptoms Comorbidity Other GI Therapy SBI Therapy/
Duration

Outcome

IBS-M 1/33/F Alternating diarrhea and constipation, Morbid obesity Low FODMAP diet Ongoing Overall improvement,
bloating, distension, 15 wk mild obstipation,

ABD pain reduced bloating
IBS-M Alternating diarrhea and constipatio, bloat-

ing, distension
Osteoporosis Low FODMAP diet Ongoing No bloating or distension, 

improved bowel movements2/66/F 14 wk

IBS-M: Irritable bowel syndrome with mixed with alternating constipation and diarrhea; SBI: Serum-derived bovine immunoglobulin; GI: Gastrointestinal.

Patient No./age (yr)/gender Primary symptoms Comorbidity Other GI therapy SBI therapy/duration Outcome

IBS-U 1/50/M Gas, GERD, polycarbophil, Ongoing Resolution of 
symptomsBloating, osteoarthritis saccharomyces boulardii lyo, 35 wk

ABD Pain polyethylene glycol 3350, prn
IBS-U Severe ABD pain, Hypertension, Antidiarrheals Discontinued after 6 

wk
Unimproved

2/82/F bloating, atherosclerotic cardio-
vascular disease

distension
IBS-U Bloating, Osteoporosis denosumab, Completed after 8 wk Resolution of 

symptoms3/62/F distension, rifaximin,
ABD pain, Low FODMAP  diet
flatulence

and a reduction in bloating during the 15 wk of SBI 
therapy although mild obstipation was noted. In a 
second patient, 66 years old female, there was an 
elimination of the patient’s bloating and distension and 
improvement in the bowel movements during the 14 
wk of SBI therapy. Both patients are on low FODMAP 
diets and continue their SBI therapy.

The final group of IBS patients was those with 
no specific bowel symptoms associated with stool 
consistency, but who indicated that their primary IBS 
symptom was bloating (Table 4). For this group of 
patients, an 82 year female patient discontinued SBI 
therapy after 6 wk indicating there was insufficient 
relief of symptoms. A second patient, a 62 years old 
female, completed 8 wk of SBI therapy and indicated 
a resolution of her gastrointestinal symptoms (bloa-
ting, distention, flatulence, and abdominal pain) but 
given the cyclic nature of IBS, it is possible that these 
symptoms may recur. A third patient, a 50 years 
old male whose primary symptoms included gas, 
bloating and abdominal pain, reported a resolution of 
symptoms. He has been managed with SBI therapy 
for 35 wk and continues on therapy.

No adverse effects have been noted due to SBI 
therapy in any of the IBS patient populations being 
managed with the product.

DISCUSSION
For patients with IBS-D observed in this physician’s clinical 
practice, SBI has been highly effective in managing 

chronic loose and frequent stools in IBS. For patients 
with IBS-C, the results are inconclusive due to small 
sample size but seem less effective in this patient 
population. For patients with IBS-M, there is some 
potential for efficacy during bouts of diarrhea and 
reduction in bloating but the full extent of benefit 
suggests some mixed results. Because of the alternating 
nature of symptoms in IBS-M patients, this population 
is often difficult to manage. Further investigation 
is warranted to determine the potential timing and 
management of dosing in this patient population. 
Similarly for patients with IBS-bloating, there appears 
to be some alleviation in bloating symptoms but the 
full extent of the benefit is mixed. Additional study may 
help determine the extent of benefit that is possible 
in this population. Despite these findings, the results 
and conclusions drawn from these patients must be 
tempered by the small sample sizes.

While the findings in patients with IBS-D were 
expected based upon prior clinical evidence[16], the 
elements of benefit for patients with other types of 
IBS, particularly for IBS-M and IBS-bloating, merit 
more study. Such investigations will provide for more 
thorough analysis of SBI-mediated outcomes in these 
types of IBS patients. While patients with IBS-C share 
some common symptoms with other IBS patients, the 
results in patients with IBS-C were inconclusive and 
more data is needed to draw any final conclusions.

SBI is intended specifically for the management of 
intestinal disorders in patients with chronic loose and 
frequent stools, such conditions as IBS-D and HIV-

IBS-Bloating: Irritable bowel syndrome with bloating; SBI: Serum-derived bovine immunoglobulin; GI: Gastrointestinal; GERD: Gastroesophageal reflux 
disease.
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associated enteropathy under physician supervision[15]. 

These findings suggest improvements in symptoms 
that affect patients with IBS-D and other types of IBS 
without any adverse effects. This further supports 
the SBI designation as Generally Recognized As Safe 
(GRAS) or food-like safety, an FDA requirement for 
this category of therapeutics[15]. As such, SBI as a 
medical food would appear to have safe and practical 
applications in the management of IBS (particularly 
patients with IBS-D) and further investigation is 
needed to determine the extent of benefits that SBI 
holds for patients with other forms of IBS.

COMMENTS
Case characteristics
This case series reports the outcomes of 14 irritable bowel syndrome (IBS) 
patients (2 IBS-C, 7 IBS-D, 2 IBS-M and 3 IBS-Bloating), ages 22-87 years, 
who received serum-derived bovine immunoglobulin/protein isolate (SBI) as an 
addition to standard of care in a clinical practice setting.
Clinical diagnosis
General diagnosis consisted of abdominal pain with altered bowel habits 
associated with diarrhea and/or constipation or bloating.
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Irritable bowel syndrome with diarrhea, constipation, mixed (diarrhea and 
constipation) or bloating.
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diagnosis of IBS.
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Imaging such as a colonoscopy was not provided as patients had an 
established diagnosis of IBS.
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Pathological diagnosis was not provided as patients had an established 
diagnosis of IBS.
Treatment
Serum-derived bovine (SBI) immunoglobulin/protein isolate (5 g or 10 g/d) was 
added to the patients’ current standard care and followed for several weeks to 
determine if symptoms improved.
Related reports
Despite some limited evidence based recommendations for treatment of IBS, 
there is no clear consensus on therapeutic options for IBS and patients are 
often dissatisfied with their current therapeutic options.
Term explanation
IBS-bloating or IBS-U refers to patients without any distinctive stool consistency 
patterns for diagnosis as IBS-D, IBS-C or IBS-M but show symptoms of IBS such 
as abdominal pain with a chief complaint of bloating rather than stool consistency.
Experiences and lessons
Overall, 12 of the 14 IBS patients using SBI indicated some level of 
improvement with onset within the first four weeks of therapy and 11 of the 
14 are continuing therapy, but two patients discontinued therapy because of 
insufficient relief.
Peer-review
The article describes 14 cases of IBS where SBI was added to current standard 
of care and found improvement in 12 cases. The article highlights the potential 
benefits that can come from a medical food like SBI in a clinical practice and 
the data suggest the need for further study to confirm these practice findings.

REFERENCES
1 Longstreth GF, Thompson WG, Chey WD, Houghton LA, Mearin 

F, Spiller RC. Functional bowel disorders. Gastroenterology 
2006; 130: 1480-1491 [PMID: 16678561 DOI: 10.1053/

j.gastro.2005.11.061]
2 Brandt LJ , Chey WD, Foxx-Orenstein AE, Schiller LR, 

Schoenfeld PS, Spiegel BM, Talley NJ, Quigley EM. An evidence-
based position statement on the management of irritable bowel 
syndrome. Am J Gastroenterol 2009; 104 Suppl 1: S1-S35 [PMID: 
19521341 DOI: 10.1038/ajg.2008.122]

3 Saito YA, Schoenfeld P, Locke GR. The epidemiology of irritable 
bowel syndrome in North America: a systematic review. Am J 
Gastroenterol 2002; 97: 1910-1915 [PMID: 12190153 DOI: 
10.1111/j.1572-0241.2002.05913.x]

4 Andrews EB, Eaton SC, Hollis KA, Hopkins JS, Ameen V, Hamm 
LR, Cook SF, Tennis P, Mangel AW. Prevalence and demographics 
of irritable bowel syndrome: results from a large web-based survey. 
Aliment Pharmacol Ther 2005; 22: 935-942 [PMID: 16268967 
DOI: 10.1111/j.1365-2036.2005.02671.x]

5 Drossman DA, Li Z, Andruzzi E, Temple RD, Talley NJ, 
Thompson WG, Whitehead WE, Janssens J, Funch-Jensen P, 
Corazziari E. U.S. householder survey of functional gastrointestinal 
disorders. Prevalence, sociodemography, and health impact. Dig 
Dis Sci 1993; 38: 1569-1580 [PMID: 8359066 DOI: 10.1007/
BF01303162]

6 Locke GR , Clark S, Cerulli A, Marehbian J, Kahler KH, 
Shetzline MA. Work productivity is more impaired in functional 
gastrointestinal disorders compared to GERD: six-month data from 
PROGRESS [abstract 1052]. Am J Gastroenterol 2007; 102: S504 
[DOI: 10.1111/j.1572-0241.2007.01491_10.x]

7 Krause R, Ameen V, Gordon SH, West M, Heath AT, Perschy 
T, Carter EG. A randomized, double-blind, placebo-controlled 
study to assess efficacy and safety of 0.5 mg and 1 mg alosetron in 
women with severe diarrhea-predominant IBS. Am J Gastroenterol 
2007; 102 : 1709-1719 [PMID: 17509028 DOI: 10.1111/
j.1572-0241.2007.01282.x]

8 Chey WD, Chey WY, Heath AT, Dukes GE, Carter EG, Northcutt A, 
Ameen VZ. Long-term safety and efficacy of alosetron in women 
with severe diarrhea-predominant irritable bowel syndrome. Am 
J Gastroenterol 2004; 99: 2195-2203 [PMID: 15555002 DOI: 
10.1111/j.1572-0241.2004.30509.x]

9 Lembo A, Zakko SF, Ferreira NC. T1390 rifaximin for the treatment 
of diarrhea associated irritable bowel syndrome: short-term treatment 
lending to long- term sustained response. Gastroenterology 2008; 
134: A545 [DOI: 10.1016/S0016-5085(08)62544-5]

10 Pimentel M, Park S, Mirocha J, Kane SV, Kong Y. The effect of 
a nonabsorbed oral antibiotic (rifaximin) on the symptoms of the 
irritable bowel syndrome: a randomized trial. Ann Intern Med 
2006; 145: 557-563 [PMID: 17043337]

11 Clouse RE. Managing functional bowel disorders from the top down: 
lessons from a well-designed treatment trial. Gastroenterology 2003; 125: 
249-253 [PMID: 12851889 DOI: 10.1016/S0016-5085(03)00808-4]

12 Omar MI, Alexander CE. Drug treatment for faecal incontinence 
in adults. Cochrane Database Syst Rev 2013; 6: CD002116 [PMID: 
23757096 DOI: 10.1002/14651858.CD002116.pub2]

13 Bliss DZ, Jung HJ, Savik K, Lowry A, LeMoine M, Jensen L, 
Werner C, Schaffer K. Supplementation with dietary fiber improves 
fecal incontinence. Nurs Res 2001; 50: 203-213 [PMID: 11480529]

14 Halmos EP, Power VA, Shepherd SJ, Gibson PR, Muir JG. A diet 
low in FODMAPs reduces symptoms of irritable bowel syndrome. 
Gastroenterology 2014; 146: 67-75.e5 [PMID: 24076059 DOI: 
10.1053/j.gastro.2013.09.046]

15 Entera Health, Inc. (2014/04). EnteraGam Prescribing Information.
16 Wilson D, Evans M, Weaver E, Shaw AL, Klein GL. Evaluation of 

serum-derived bovine immunoglobulin protein isolate in subjects 
with diarrhea-predominant irritable bowel syndrome. Clin Med 
Insights Gastroenterol 2013; 6: 49-60 [PMID: 24833942 DOI: 
10.4137/CGast.S13200]

17 Asmuth DM, Ma ZM, Albanese A, Sandler NG, Devaraj S, 
Knight TH, Flynn NM, Yotter T, Garcia JC, Tsuchida E, Wu TT, 
Douek DC, Miller CJ. Oral serum-derived bovine immunoglobulin 
improves duodenal immune reconstitution and absorption function 
in patients with HIV enteropathy. AIDS 2013; 27: 2207-2217 

3365 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

 COMMENTS

Good L et al . SBI - New therapeutic option for IBS



[PMID: 23660579 DOI: 10.1097/QAD.0b013e328362e54c]
18 Petschow BW, Burnett B, Shaw AL, Weaver EM, Klein GL. 

Serum-derived bovine immunoglobulin/protein isolate: postulated 

mechanism of action for management of enteropathy. Clin Exp 
Gastroenterol 2014; 7: 181-190 [PMID: 24904221 DOI: 10.2147/
CEG.S62823]

P- Reviewer: Guo YM, Grundmann O    S- Editor: Yu J    L- Editor: A    
E- Editor: Liu XM

3366 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

Good L et al . SBI - New therapeutic option for IBS



Abstract
Strongyloides stercoralis, a soil transmitted helminth 
infection, affects millions with varying prevalence 
worldwide. A large number of affected hosts are 
asymptomatic. Symptoms pertaining to pulmonary 
and gastrointestinal involvement may be present. 
Manifestations of involvement beyond lung and intestine 
can be seen with dissemination of infection and lethal 
hyperinfection. Immunosuppression secondary to use of 
steroids or other immunosuppressants and coexistence 
of human T-lymphotropic virus type-1 are the known 
risk factors for dissemination and hyperinfection. 
Diagnostic modalities comprise stool examination, 
serology and molecular testing. Stool tests are 
inexpensive but are limited by low sensitivity, whereas 
serologic and molecular tests are more precise but at 
the expense of higher cost. Treatment with Ivermectin 
or Albendazole as an alternative is safe and efficacious. 
We present a rare case of acute pancreatitis secondary 
to Strongyloides. High index of suspicion in patients 
specifically from endemic countries of origin and lack 
of other common etiologies of acute pancreatitis may 
help in early diagnosis and prompt treatment of this 
potentially fatal infection.

Key words: Strongyloides; Pancreatitis; Autoinfection; 
Helminth; Eosinophilia
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Core tip: Strongyloides affects millions of people 
worldwide. Large numbers of infected hosts are 
asymptomatic or have non-specific gastrointestinal 
and/or pulmonary symptoms. Infected hosts, especially 
in the setting of human T-lymphotropic virus type-1 
infection and immunosuppressant or steroid use, 
may develop overwhelming infection in the form of 
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dissemination or hyperinfection. Peripheral eosinophilia 
may be the only non-specific finding. Diagnostic 
methods range from simple stool examination to 
serologic tests and molecular techniques based on 
nucleic acid amplification. Endoscopic examination may 
be needed which may provide evidence of infection on 
pathological exam. Treatment options are both safe 
and efficacious with oral Ivermectin being superior to 
Albendazole.

Makker J, Balar B, Niazi M, Daniel M. Strongyloidiasis: A 
case with acute pancreatitis and a literature review. World J 
Gastroenterol 2015; 21(11): 3367-3375  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v21/i11/3367.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v21.i11.3367

INTRODUCTION
Strongyloidiasis, an infection caused by Strongyloides 
stercoralis, is endemic in tropical and sub-tropical 
regions. Poor sanitary conditions favor its propagation. 
Infection with Strongyloides is usually asymptomatic 
which leads to underestimated figures of its prevalence. 
The most commonly affected organs are lung and 
intestines with mild non-specific symptoms like 
abdominal pain, vomiting, diarrhea, tracheal irritation 
and cough. Hyperinfection or disseminated infection 
due to unique feature of autoinfection may occur. We 
present a rare case of Strongyloides associated acute 
pancreatitis and a review of four reported cases. 

CASE REPORT
A 48-year-old man presented to Bronx Lebanon 
Hospital Center with abdominal pain after he had been 
admitted to another hospital for epigastric pain of ten 
days duration. He described the pain as intermittent, 
non-radiating and worsening with food intake. The 
patient denied nausea, vomiting, fever or dysphagia. 
An upper endoscopic exam had reportedly revealed 
normal esophagus, gastric erythema and normal 
duodenum. On the 4th day of hospitalization, the 
patient reported slight improvement in his symptoms 
and he was discharged home on omeprazole 20 mg 
oral daily.

Two days after discharge from the other hospital, 
on 16th day of illness he presented to Bronx Lebanon 
Hospital Center due to persistent epigastric pain.

He had hypertension, and he was taking losartan 
50 mg daily. He had had surgery for kidney stones. 
He had no known drug or food allergies. He did not 
smoke, drink alcohol, or use illicit drugs. He was 
married and had children. He had immigrated to 
United States from the Dominican Republic 5 years 
ago, lived in Pennsylvania and worked in a New York 
factory that produced cleaning liquids. His brother 
had diabetes mellitus; his parents and children were 

healthy.
On examination, temperature was 97.9°F, blood 

pressure 134/95 mmHg, pulse 68 beats per minute 
and regular, weight 81.6 kg with a body-mass index of 
30. The patient looked stable but was uncomfortable 
due to pain. The abdomen was non-distended and had 
normal bowel sounds on auscultation; but it was soft 
with moderate tenderness in the epigastrium region. 
The rest of the examination was normal. 

The white blood cell count was 18700 per mm3 
with an eosinophil percentage of 42.2 and absolute 
eosinophil count of 7900 per mm3. Serum amylase and 
lipase levels were 78 units per liter and 83 units per 
liter respectively. Other test results were unremarkable 
as shown in Table 1. Computed tomography (CT) 
of the abdomen and pelvis, performed after the 
administration of intravenous and oral contrast material 
was normal. An upper gastrointestinal endoscopy was 
performed which showed normal appearing esophagus 
and multiple erosions in the stomach and duodenum 
(Figure 1A, B). Pathological exam of random eso-
phageal biopsy specimen revealed hyperplastic 
squamous mucosa with mucosal congestion. Gastric 
biopsy specimen showed increased eosinophils 
in lamina propria, intraepithelial eosinophils, and 
eosinophilic cryptitis; and duodenal specimen showed 
increased eosinophils in lamina propria (more than 
20 per high power field), intraepithelial eosinophilic 
infiltrates, eosinophilic cryptitis and no shortening 
of villi or crypt distortion. A diagnosis of eosinophilic 
gastroenteritis was entertained. Omeprazole was 
administered, test for stool ova and parasite was 
ordered before considering steroid treatment for 
eosinophilic gastroenteritis while awaiting results of 
endoscopic biopsies. The patient was discharged home 
after three days of hospitalization with instructions to 
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Table 1  Results of blood tests

Blood tests Labs on first 
admission

Day 16 of illness

Labs on second 
admission

Day 22 of illness

Hemoglobin (g/dL) 16.4 15.9
Hematocrit (%) 48.3 46.0
Platelet count 237000 286000
(/μL)
White blood cell count 18700 23300
(/mm3)
Differential count (%)
Neutrophils 35.2 33.5
Lymphocytes 18.4 16.5
Eosinophils 42.2 46.5
INR   1.1   1.0
Blood urea nitrogen (mg/dL)    10    10
Creatinine (mg/dL)   1.0   0.9
Albumin (g/dL)   3.4   3.8
Alanine aminotransferase    26    65
(U/L)
Aspartate aminotransferase (U/L)    31    39
Alkaline phosphatase  144  284
(U/L)
Total bilirubin (mg/dL)   0.2   0.3



follow up in outpatient clinic in 1 wk.
Three days later, on the 22nd day of his illness, he 

returned to this hospital with worsening epigastric pain 
that he rated at 10 out of 10. It was constant, radiating 
to his back and associated with one episode of non-
bilious vomiting. He also reported about 11 pounds 
of unintentional weight loss over last three weeks. 
On examination he was anxious and uncomfortable. 
His temperature was 97.0°F, blood pressure 166/107 
mmHg, pulse 60 beats per minute and respiratory rate 
15 per minute. His abdomen was non-distended with 
normal bowel sounds, it was soft but there was severe 
tenderness in the epigastrium region. The remainder 
of the examination was normal. The white blood cell 
count level was again found to be elevated at 23300 
per mm3 with an eosinophil percentage of 46.5 and 
absolute eosinophil count of 10900 per mm3. Serum 
levels of amylase and lipase were 263 and 476 units 
per liter. The other blood test results are shown in 
Table 1. Radiography of the abdomen was normal. CT 
of the abdomen and pelvis following the administration 
of oral and intravenous contrast was normal. 
Ultrasonography of abdomen revealed gall bladder 
sludge, a normal common bile duct and no gallstone.

A diagnosis of acute pancreatitis was made. The 
patient was managed conservatively with aggressive 
intravenous fluid administration. Several possibilities 
were entertained in the search for an etiology. 

Etiologies of acute pancreatitis, like gallstones and 
hypertriglyceridemia, were excluded based on the 
normal abdominal sonogram and serum triglyceride 
level. Pancreatitis secondary to alcohol and drug 
were also excluded based on history. The differential 
diagnosis, especially in the presence of eosinophilia, 
also included aggressive systemic mastocytosis with 
lymphadenopathy and eosinophilia, hypereosinophilic 
syndrome, occult parasitic infection and hypoadrenalism. 
Hematology consult was obtained and bone marrow 
biopsy was performed. 

Bone marrow biopsy revealed normocellular 
marrow with trilineage maturation but increase in 
both mature and immature eosinophils to about 30 
percent of nucleated hematopoietic cells. Serum 
levels of aldosterone, tryptase and immunoglobulin E 
level were all normal. Stool for ova and parasite was 
reported negative on multiple occasions. Strongyloides 
immunoglobulin G (IgG) tested by Enzyme Linked 
Immunosorbent Assay (ELISA) level was reported 
positive. Careful review of the endoscopic biopsy 
specimens again revealed a Strongyloides stercoralis 
larva in the duodenal biopsy specimen (Figure 2A, B).

A single dose of Ivermectin 200 microgram per 
kilogram bodyweight was administered orally and 
24 h later the patient reported complete resolution 
of his symptoms. A repeat dose of Ivermectin 200 
microgram per kilogram bodyweight was administered 
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Figure 1  Endoscopic images of gastric antrum and duodenal bulb erosions (A and B).

A B

A B

Figure 2  Hematoxylin and Eosin staining of the biopsy specimen. A: Hematoxylin and eosin (HE) stained section of small bowel biopsy showing prominent 
eosinophilia associated with Strongyloides infection; B: HE stained longitudinal cross section of a small bowel biopsy showing Strongyloides worm lying within the crypt.
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the initiative from the Centers for Disease Control and 
prevention to presumptively treat parasitic infections 
in immigrants prior to their arrival in the United States, 
there has been a significant decline in Strongyloides 
stercoralis prevalence among immigrants[9].

Life cycle
The life cycle for Strongyloides is unique and features 
like parthenogenesis (development of larvae from 
unfertilized eggs without sexual reproduction), release 
of larvae in feces and not eggs, and autoinfection make 
it stand out from the rest. Strongyloides life cycle 
comprises two forms - free-living form and parasitic 
form. Rhabditiform larvae upon their release in the 
feces of an infected host can molt to form either free 
living adult worms or the infective filariform larvae. 
The infective filariform larvae can be transmitted to 
another host through exposure to contaminated soil. 
After penetrating skin of the new host, these infective 
filariform larvae are carried by blood to the lungs 
where they break out of lung capillaries into alveoli 
and then ascend up the tracheobronchial tree to be 
swallowed eventually into the gastrointestinal tract. In 
the gastrointestinal tract, larvae molt into adult female 
worms that settle down in the lamina propria of the 
small intestine and release eggs without involvement 
of male for reproduction (parthenogenesis). Rhab-
ditiform larvae hatch out of these eggs and are 
eventually passed in feces. These rhabditiform larvae, 
instead of being released into feces can also re-
penetrate the gastrointestinal mucosa or the perianal 
skin (autoinfection)[10].

Immunology
Overall understanding on human immune responses 
to Strongyloides stercoralis is limited. The limitation is 
partly from the complex nature of the Strongyloides 
as well as inability to reproduce the pathophysiology 
of the Strongyloides stercoralis human infection 
in the currently available rat model studies. Never-
theless, these rat models have demonstrated an 
armamentarium of immune responses that interplay 
to fight against Strongyloides. Innate immune 
responses begin by recruitment of neutrophils and 
eosinophils. Neutrophils need myeloperoxidase and 
toll like receptors to kill the larvae. On the other 
hand, eosinophils mediate larval killing by supplying 
cytokines needed for immunoglobulin IgM production. 
Eosinophils, as antigen presenting cells, also play a key 
role in activating adaptive immune responses. Once 
adaptive immunity is activated, helper T cells activate 
B cells through interleukin-5 and initiate production of 
IgM and IgG. Immunoglobulin IgM and IgG not only 
recognize different antigens of Strongyloides stercoralis 
but also work through different mechanisms. IgG needs 
neutrophils and complement activation for larval killing 
(antibody dependent cellular cytotoxicity), whereas IgM 
action is independent of neutrophils and cytokines[11,12].

orally two weeks later during an outpatient follow up 
visit.

DISCUSSION
Background
Strongyloides are soil-transmitted helminths. They 
are vertebrate parasites and the genus comprises 
about fifty species[1]. They infect different hosts like 
amphibians, birds and mammals including humans. 
The latter can be infected by three different species 
of Strongyloides, namely Strongyloides stercoralis, 
Strongyloides fuelleborni fuelleborni and Strongyloides 
fuelleborni kelleyi[2]. Strongyloides stercoralis is 
the most prevalent species worldwide, whereas 
Strongyloides fuelleborni fuelleborni is prevalent in 
Africa and Strongyloides fuelleborni kelleyi in Papua 
New Guinea. 

Epidemiology
Strongyloides was first discovered by Louis Normand 
in 1876 in the stools of French soldiers returning from 
Indochina[3]. The two different forms of Strongyloides 
larvae were initially considered as two different 
species and were named as Anguillula stercoralis and 
Anguillula intestinalis. Later they were classified under 
genus Strongyloides and the worm was renamed as 
Strongyloides stercoralis. Since its discovery more than 
a century ago, it has been found in all parts of world 
except Antarctica. 

Strongyloides stercoralis is most prevalent in 
tropical and sub-tropical regions but also occurs in 
temperate regions when conditions are favorable. It 
is endemic in Southeast Asia, Sub Saharan Africa and 
Latin America. Due to the dearth of epidemiologic 
studies, worldwide prevalence is unknown but about 
30 to 100 million people are estimated to be infected[4]. 

A recent literature review aimed at estimating 
prevalence of Strongyloides in different countries 
of the world exhibited the diversity in its worldwide 
prevalence. On the African continent, prevalence as 
high as 99% in Namibia, 92% in Gabon and 80% in 
Kenya was reported. In Latin America, prevalence was 
found to be 98% in the Dominican Republic and 75% 
in Peru. Prevalence in New Papua Guinea was reported 
as 99%[5]. 

Historically, in the United States, Strongyloides 
stercoralis has been considered endemic in southern 
states and Appalachia. With the last high quality 
study from the United States having been published 
three decades ago[6], information about most recent 
prevalence trends of Strongyloides stercoralis is 
lacking. Due to improvement in sanitary conditions 
and hygienic practices, these prior studies had shown 
marginal decline in prevalence from 3.8% to 3%[7]. 
In studies among veterans returning from endemic 
regions and immigrants, respective prevalence as 
high as 37%[8] and 40%[5] has been recorded. Since 
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Clinical features
Clinical manifestations of Strongyloides stercoralis 
infection vary depending on the worm burden. 
Most of the immunocompetent hosts infected with 
Strongyloides stercoralis are asymptomatic which is 
one of the reasons for the underestimation of its true 
prevalence. After the skin penetration by infective 
filariform larvae, a rash may be recognized in some but 
not all patients. The rash, which may last for several 
weeks, can present in the form of multiple wheels 
like urticarial reaction or a serpiginous creeping rash 
created by movement of larva under the skin (larva 
currens). In patients with autoinfection, where larvae 
re-enter the peri-anal skin as soon as they exit from 
the anal canal, the rash may be seen on the buttocks 
and thighs. 

With involvement of respiratory system, it can 
manifest as cough, tracheal irritation and shortness 
of breath. Gastrointestinal manifestations, which 
develop about two weeks after the entry of the 
larvae, include abdominal pain, nausea, vomiting and 
diarrhea. Fever, malaise, anorexia and weight loss can 
also be seen frequently[13]. Rarely, association with 
acute pancreatitis as in our case has been described 
in the medical literature. Prior to our case, there have 
been only four cases of acute pancreatitis related to 
Strongyloides reported in the English and Spanish 
medical literature (Table 2)[14-17]. Likely mechanism of 
pancreatitis is involvement of duodenal ampulla and 
then pancreatic duct leading to intense inflammation 
and edema. A rare case report of Strongyloides 
association with cystadenocarcinoma of pancreas and 
pancreatic head mass has also been described[18,19].

After the establishment of Strongyloides stercoralis 
infection, factors that lead to autoinfection are 
unclear. The immune system constantly attempts 

to contain the infection, however in the presence 
of specific risk factors, Strongyloides infection 
supersedes and severe forms of infection known as 
hyperinfection and disseminated infection emerge. 
Well-established risk factors are treatment with 
steroids[20] or immunosuppressants[21] and coexistence 
of human T-lymphotropic virus type-1 (HTLV-1)[22]. 
Hyperinfection is characterized by enormous burden 
of parasite in the lungs and gastrointestinal tract, 
leading to the hallmark appearance of multiple 
larvae in sputum and/or feces. As the parasitic 
burden increases with autoinfection, these larvae 
can go beyond the normally infected tissues - lungs 
and gastrointestinal tract. Dissemination to other 
organs can manifest as meningitis, atrial fibrillation, 
hemoptysis, pneumothorax, intestinal hemorrhage, 
intestinal obstruction, protein losing enteropathy and 
intestinal ulcerations with subsequent gram-negative 
septicemia[23]. 

Diagnostic methods
Diagnosis of Strongyloides stercoralis infection in 
the absence of a gold standard remains a challenge. 
Various methods as discussed below are available 
but none seem to be ideal. Many patients with low 
parasite burden and non-specific symptoms may have 
peripheral eosinophilia as the only finding, which in 
itself is a non-specific indicator. Stool examination for 
larvae, one of the oldest methods available, in such 
patients may be completely negative, especially if 
only one sample is tested. Testing multiple samples 
increases the yield of stool examination[24]. Stool 
examination can be done by two different methods 
- direct stool smear examination or stool culture. 
Historically, different methods have been described to 
increase the detection rate of stool examination. These 

Table 2  Reported cases of acute pancreatitis associated with Strongyloides stercoralis

Case Age (yr)/
gender

Place of origin Presentation Eosinophil 
count 

(per mm3)

Amylase
(U/L)

Lipase
(U/L)

Diagnostic method Treatment Ref.

1 44/F West Indies
(Caribbean)

Abdominal pain
Fever

Pruritus

210 Not 
provided

Not 
provided

Examination of biliary 
fluid obtained through 
percutaneous biliary 

drain

Thiabendazole Delarocque 
Astagneau 
et al[14], 1994

2 45/F Ecuador Abdominal pain
Nausea

Vomiting

900 259 1574 Endoscopic duodenal 
biopsy

Stool examination

Albendazole
Thiabendazole

Ivermectin

Núñez et al[15], 
2003

3 81/F Kentucky, 
USA

Abdominal pain
Nausea

Vomiting

1254 2100 >2000 Examination of biliary 
fluid obtained through 

ERCP 

Albendazole Perez-Jorge 
et al[16], 2008

4 64/M Puerto Rico Abdominal pain
Nausea

Vomiting
Dyspnea

Confusion

776 4367 >396 Clinical history and 
stool examination

Ivermectin Jones et al[17], 
2009

5
(our case)

48/M Dominican 
Republic

Abdominal pain 10900 263 476 Endoscopic duodenal 
biopsy and serology

Ivermectin Makker et al, 
2015

ERCP: Endoscopic retrograde cholangio pancreatography.
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include formalin-ethyl acetate concentration, Baermann 
method that relies on the ability of larvae to convert to 
free-living stage, and Harada-Mori filter paper method 
that relies on water tropism of larvae[25]. Stool culture 
on agar plate requires stool inoculation and incubation 
for at least 2-3 d, following which larvae can be seen 
on the agar plate with the help of a microscope. Even 
if larvae are not seen, specific track marks on agar 
plate created by larval movement can be seen and also 
be differentiated from hookworm larvae tracks[26,27]. 
Agar plate culture has a high sensitivity of 90% but 
is time consuming, expensive and a health hazard to 
laboratory workers[28]. 

The next available diagnostic studies are serological 
tests (Table 3), which depend on the detection of 
the larval antigen or antibody generated in response 
to their antigens. Indirect immunofluorescence 
antibody test for Strongyloides stercoralis has been 
shown to have a sensitivity of 97% and a specificity 
of 98%[29]. ELISA to detect antibody against crude 
Strongyloides larva antigen has also been widely 
used, with sensitivity and specificity of 93% and 
95% respectively[30]. The methods using ELISA have 
been hampered by the constant need for crude 
antigen, which must be prepared from feces of heavily 
infected patients or experimental animals. Hence 
interest in recombinant antigens was born, leading 
to the emergence of recombinant antigen NIE based 
ELISA test[31]. More recently a newer technique called 
luciferase immunoprecipitation system has been 
utilized to detect IgG against recombinant antigen NIE 
with sensitivity equal to that of NIE-ELISA test and a 
specificity of 100%[32]. Detection of antibodies does 
not differentiate between past and current infection, as 
these antibodies may last for years after the infection 
has cleared. Moreover, there may be cross-reactivity 
between Strongyloides antibodies and other helminths. 

Molecular tests based on nucleic acid amplification 
by polymerase chain reaction (PCR) have also 
been used. Real time PCR technique using the 18S 

ribosomal DNA has been shown to have a specificity 
of 99%-100% but varying sensitivity based on the 
parasitic burden. With moderate to high burden, a 
sensitivity of 100% was found, however with low 
parasite burden it drastically dropped to only 15%[33]. 
A newer technique of nucleic acid amplification named 
Loop-mediated isothermal amplification has been 
introduced but needs further validation[34]. Table 3 
above summarizes the sensitivity and specificity of 
these various diagnostic tests available[28-30,32,34,35]. 

Invasive methods like endoscopy with duodenal 
aspirate or biopsy can also be used in patients with 
strong clinical suspicion of infection. Upper endoscopic 
exam may show normal looking mucosa with 
eosinophilic infiltration on pathological examination 
or it may show abnormal mucosa in the form of 
erosions and ulcerations with pathological examination 
characterized by cryptitis, crypt abscess and eosinophilic 
infiltration[36,37]. Similarly the colon, particularly right-
sided colon, may get involved in the presence of 
overwhelming parasite burden. Colonoscopy may show 
colonic mucosa inflammation or nodular mucosa with 
pathological examination revealing larvae, eosinophilic 
infiltration or granulomas[38].

Treatment
Ideally, the improvement of sanitary conditions and 
provision of better hygienic conditions should be 
targeted to control or eliminate Strongyloides infection. 
However, in the real world huge economic investments 
especially in developing nations are needed to achieve 
this goal. In the absence of such perfect sanitary 
conditions, reliance on anti-helminthic drugs is a 
reasonable option. The treatment of Strongyloides 
has come a long way since the days when intravenous 
gentian violet was introduced in 1950[39]. Currently, 
three drugs have been approved for the treatment 
of Strongyloides: Albendazole, Mebendazole and 
Ivermectin. Albendazole and Mebendazole belong 
to a group of benzimidazole antihelminthic drugs, 

Table 3  Various diagnostic tests available for Strongyloides stercoralis

Test Sensitivity and specificity Remarks

Stool smear 30% sensitivity for single stool sample[35] Simple test but insensitive
Agar plate culture 90% sensitivity[28] Sensitive and simple

But needs 2 d for results
Health hazard to lab workers

Serologic tests
   IFAT IFAT: 97% sensitivity and 98% specificity[29] Cross reactivity except with LIPS
   ELISA ELISA: 93% sensitivity and 95% specificity[30] Inability to differentiate past and current infection
   LIPS LIPS: 97% sensitivity and 100% specificity[32] Expensive
Molecular tests
   PCR PCR: 99%-100% sensitivity and 15%-100% specificity[34] Low specificity with low parasite burden

Expensive
   LAMP Not widely available

ELISA: Enzyme Linked Immunosorbent Assay; IFAT: Indirect immunofluorescence antibody test; LAMP: Loop-mediated isothermal amplification; LIPS: 
Immunoprecipitation system; PCR: Polymerase chain reaction.
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which were originally developed as plant fungicides[40]. 
Ivermectin, a macrocyclic lactone is derived from 
avermectins, which is produced by the bacterium 
Streptomyces avermitilis.

Albendazole acts by interfering with the micro-
tubular system of the parasite. The usual dose of oral 
Albendazole is 400 mg twice a day for three to seven 
days[41]. In a large review of its efficacy, a cure rate 
of 62.2% was seen with a 400 mg daily dosing[40]. 
In one study its side effect profile was similar to that 
of a placebo[42]. It is a pregnancy class C drug but 
neither the reports from its inadvertent use during the 
first trimester nor a large randomized controlled trial 
have shown any congenital defects associated with its 
use[43,44]. 

Mebendazole, another member of the benzi-
midazole group, also acts by interfering with the 
microtubular system of the parasite. Since October 
2011, it has not been available in the Unites States. 
Mebendazole was used in doses of 100 mg twice a day 
for five days followed by repeated doses at weeks 1, 
3 and 4. Is has been reported to achieve cure rates of 
87% after 15 mo of treatment completion[45]. 

Ivermectin, a semi synthetic derivative of macro-
cyclic lactone, mediates parasite paralysis and killing 
through glutamate activated chloride channels[46]. In a 
comparison of single dose Ivermectin (200 microgram 
per kilogram of bodyweight) orally with three-day 
regimen of Albendazole 400 mg orally daily, cure rates 
of 83% with Ivermectin were seen as compared to 
45% with Albendazole[47]. Single dose of Ivermectin 
(200 microgram per kilogram of bodyweight) orally 
was also shown to have superior cure rate of 97% vs 
63% with high dose Albendazole 800mg orally daily for 
seven days[41]. Currently, oral Ivermectin in the dose of 
200 microgram per kilogram of bodyweight repeated 
on two consecutive days or after 2 wk is the preferred 
drug for treatment of Strongyloides stercoralis (Table 
4)[48,49]. In patients who cannot tolerate it orally, 
alternate routes like subcutaneous administration of 
Ivermectin has been advised[50]. Ivermectin is usually 
well tolerated unless the patient has concomitant Loa 
loa infection. Loa associated encephalopathy, especially 
with high Loa microfilaremia, has been observed after 
mass treatment with Ivermectin[51]. Ivermectin is a 
pregnancy class C drug, but in a randomized controlled 

trial involving more than 800 pregnant patients in 
their second trimester, it did not show any significant 
effect on mean birth weight, pregnancy outcomes or 
congenital defects[44].

The resolution of hyperinfection syndrome and 
disseminated Strongyloides infection requires prolonged 
treatment. Since the autoinfection cycle of Strongyloides 
takes two weeks, it has been recommended to give 
daily oral Ivermectin in the doses of 200 microgram per 
kilogram of bodyweight until stool and/or sputum tests 
are negative for two weeks[21].

In conclusion, we present here an uncommon case of 
Strongyloides stercoralis infection in an immunocompetent 
adult male associated with acute pancreatitis. Infection 
was associated with eosinophilia and negative repeated 
stool examinations, but was eventually diagnosed on 
pathological examination of duodenal biopsies.

Helminth Strongyloides affects millions of people 
worldwide with endemicity in the tropical and sub-
tropical regions. Life cycle comprises two different 
forms of larvae, and is unique with features like 
parthenogenesis and autoinfection. Large numbers of 
infected hosts are asymptomatic or have non-specific 
gastrointestinal and/or pulmonary symptoms. Both 
innate and adaptive immune mechanisms get activated 
with infection. Infected hosts, especially in the 
setting of HTLV-1 infection and immunosuppressant 
or steroid use, may develop overwhelming infection 
in the form of dissemination or hyperinfection. 
Peripheral eosinophilia may be the only non-specific 
finding. Diagnostic methods range from simple 
stool examination to serologic tests and molecular 
techniques based on nucleic acid amplification. 
Endoscopic examination may be needed which may 
provide evidence of infection on pathological exam. 
Treatment options are both safe and efficacious with 
oral Ivermectin being superior to Albendazole. 

COMMENTS
Case characteristics
A 48-year-old man presented with peripheral eosinophilia and recurrent 
epigastric pain, aggravated by food intake, not associated with nausea, vomiting 
and fever.
Clinical diagnosis
On examination patient appeared uncomfortable due to abdominal pain and the 
abdominal examination revealed moderate epigastric tenderness.
Differential diagnosis
Differential diagnosis of epigastric pain: Acute pancreatitis, peptic ulcer 
disease; Differential diagnosis of acute pancreatitis: gallstone, alcohol, 
triglyceride, drugs, and parasitic infections; Differential diagnosis of eosinophilia 
with gastrointestinal symptoms: aggressive systemic mastocytosis with 
lymphadenopathy and eosinophilia, hypereosinophilic syndrome, occult 
parasitic infection and hypoadrenalism.
Laboratory diagnosis
Patient had elevated lipase level as well as peripheral eosinophilia. Stool ova 
and parasite testing was negative repeatedly. Strongyloides immunoglobulin G 
tested by Enzyme Linked Immunosorbent Assay was positive. 
Imaging diagnosis
Computed tomography and ultrasound abdomen were unremarkable. Upper 

Table 4  Treatment of Strongyloidiasis

Drug Dose Pregnancy class

Ivermectin 200 μg/kg of bodyweight 
orally repeated on two days 
consecutively or after 2 wk

C
(preferred drug 
of treatment)
Albendazole 400 mg orally two times a day for 

3-7 d
C

Hyperinfection syndrome and disseminated Strongyloides infection
200 μg/kg of bodyweight orally until stool and/or sputum tests are 
negative for two wk (duration of auto-infective cycle)

 COMMENTS
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endoscopic exam showed multiple erosions in the stomach and duodenum.
Pathological diagnosis
Endoscopic biopsy revealed a Strongyloides stercoralis larva in the duodenum.
Treatment
Two doses of Ivermectin 200 microgram per kilogram bodyweight were 
administered orally at two weeks interval.
Related reports
Very few cases related to acute pancreatitis secondary to Strongyloidiasis 
infection have been reported in literature. All the cases were associated with 
peripheral eosinophilia. 
Term explanation 
Strongyloidiasis is a soil transmitted helminth infection caused by Strongyloides 
stercoralis that initiates after infective larvae penetrate the host skin.
Experiences and lessons
This case report presents the rare association of Strongyloidiasis and acute 
pancreatitis. In the absence of other common etiologies of acute pancreatitis, 
the authors recommend considering this parasitic infection as one of the 
etiologies, especially in patients from endemic regions and who demonstrate 
peripheral eosinophilia.
Peer-review
The authors have described a case of acute pancreatitis secondary to 
Strongyloides stercoralis infection. The article highlights the diagnostic methods 
and treatment options available for this parasitic infection.
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Abstract
Five-amino salicylic acids are recommended for use 
in the management of inflammatory bowel disease, 
cardiac complications are a rare although recognised 
phenomenon. This report aims to highlight this serious 
but rare adverse reaction. We report here a case of 
a young man presenting with cardiogenic shock in 

the context of recent mesalazine treatment in severe 
ulcerative colitis.

Key words: Ulcerative colitis; Mesalazine; Cardiomy-
opathy; Adverse reactions

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: A rare but serious occurrence in ulcerative 
colitis is myocarditis which can often be life-threa-
tening. Whether 5-amino salicylic acids induced (as 
proposed here), or an autoimmune phenomenon 
in acute disease flare-ups, prompt recognition and 
treatment will be of benefit in the clinical setting.

Fleming K, Ashcroft A, Alexakis C, Tzias D, Groves C, Poullis 
A. Proposed case of mesalazine-induced cardiomyopathy 
in severe ulcerative colitis. World J Gastroenterol 2015; 
21(11): 3376-3379  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i11/3376.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3376

INTRODUCTION
Five-amino salicylic acids (5-ASA) are recommended 
for use in the management of inflammatory bowel 
disease and are commonly prescribed by both gas-
troenterologists and general physicians[1]. Serious 
reactions are rare, but recognised side effects include 
pancreatitis, interstitial nephritis, blood dyscrasias and 
Stevens Johnson syndrome. Cardiac side effects from 
5-ASA agents are extremely uncommon.

CASE REPORT
A previously fit and well, non-smoking 31 year old 
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male, presented with a 6 wk history of progressive 
diarrhoea, rectal bleeding and abdominal pain. Flexible 
sigmoidoscopy revealed severe confluent inflammation 
from the rectum to the point of insertion in the mid-
sigmoid. Microscopy and stool culture were negative. 
Colonic biopsies showed moderate active chronic colitis, 
consistent with the endoscopic suspicion of ulcerative 
colitis, and so he was started on high dose oral mesa-
lazine (2.4 g twice daily) with a view to a prompt 
outpatient follow up within the next few days.

Three days later he presented to the emergency 
department with chest pain, raised inflammatory 
markers and an elevated troponin. Initial ECG showed 
ST depression and biphasic T waves in leads V4-5 
with no reciprocal changes. Mesalazine therapy was 
stopped at this stage. His condition deteriorated with 
cardiogenic shock developing, which required increasing 
inotropic support and subsequent insertion of an intra-
aortic balloon pump. Coronary angiography was normal. 
Subsequent cardiac magnetic resonance imaging (MRI) 
revealed concentric hypertrophy and mildly impaired 
ejection fraction but no pericardial abnormalities. STIR2 
imaging was suggestive of an acute inflammatory 
cardiac process. Gadolinium contrast studies excluded 
thrombi but showed diffuse heterogeneous enhancement 
of the myocardium suggestive of an atypical myocarditis, 
although other infiltrative cardiac pathologies (including 
sarcoid) were postulated (Figure 1). Serum virology 
showed no acute viral illness (previous parvovirus 
and previous Epstein-Barr virus positive but negative 
human immunodeficiency virus, Hepatitis B, Hepatitis C, 
influenza viruses A and B, coxsackie, CMV, adenovirus 
and enterovirus). An abdomen ultrasound scan was also 
unremarkable.

A diagnosis of myocarditis was highly suspected on 
clinical grounds and on day 2 of admission he underwent 
a cardiac biopsy. This showed several capillaries distended 
with microthrombi, myocyte vacuolation, interstitial 
oedema and focal haemorrhage. There was no evidence 
of vasculitis, fibrosis or amyloidosis. Similarly, there was 
no evidence of acute inflammatory infiltrate. On day 3 he 
suffered a cerebrovascular event manifest as acute right 

hemiplegia, right facial droop and dysarthria and he was 
treated with a heparin infusion. CT and subsequent MRI 
showed several acute and deep white matter infarcts 
highly suggestive of a cardiac source and bubble echo 
showed no evidence of intracardiac shunting.

Day 6 of admission he was weaned from inotropic 
and mechanical support. He was stepped-down from 
level 3 care. By day 10 repeat echo revealed significant 
improvement of left ventricular function and normal 
dimensions.

Throughout this period his ulcerative colitis progressed. 
Due to persistent bloody stool and resulting transfusion 
requirement his heparin infusion was discontinued and he 
was started on parenteral steroid therapy. Despite this, his 
clinical and biochemical parameters did not improve and 
he was commenced on a ciclosporin infusion as a bridging 
agent to long term azathioprine therapy. His colitis 
responded rapidly to the ciclosporin and he was converted 
to oral preparation. Following further neurological 
physiotherapy input with regards to his mild-moderate 
expressive language difficulty he was discharged home 27 
d after his admission.

DISCUSSION
5-ASA have been shown to be efficacious in active 
Crohn’s and ulcerative colitis, for inducing remission 
in ulcerative colitis[2,3] and are generally regarded as 
safe and well tolerated medications. Whilst the rate 
of reported common side effects including headache, 
dyspepsia or nausea can be high, one systematic 
review showed that the rate of adverse events or 
withdrawal from treatment is actually comparable 
to placebo[4]. Serious reactions are far rarer, but 
recognised side effects include pancreatitis, interstitial 
nephritis, blood dyscrasias and Stevens Johnson 
syndrome. Cardiac side effects from 5-ASA agents are 
extremely uncommon.

Acute cardiac complications in inflammatory bowel 
disease are also uncommon[5]. The most commonly 
reported complication is pericarditis, and in many 
cases this has been linked to the medications used 
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Figure 1  In the “normal” image (A) and “abnormal” image (B) in the late phase of gadolinium enhanced study. A: No enhancement in noted in the 
myocardium; B: There is diffuse, heterogeneous enhancement of the left and right ventricular myocardium as well as the interventricular septum in the late phase of 
gadolinium enhancement study.



Table 1  Demonstrating cases of myocarditis presenting in ulcerative colitis and Crohn’s disease not thought to be related to viral 
aetiology, inflammatory bowel disease treatment, selenium deficiency or TPN

to manage the disease[6]. In rare circumstance 
myocarditis has been described as a manifestation of 
inflammatory bowel disease (Table 1) however the 
temporal relationship with the onset of our patients’ 
symptoms and the start of his medication would 
indicate a causal relationship.

Cardiac hypersensitivity to 5-ASA therapy has 
been reported in a small number of case studies. It 
was first suggested in the Lancet in 1989, where a 
possible myocarditis was proposed[20], and the first 
reported death from myocarditis associated with 
mesalazine was in 1990[21]. The exact mechanism by 
which mesalazine causes a myocarditis has not been 
clearly determined, but a hypersensitivity reaction with 
eosinophilic infiltration has been proposed[22-24].

The temporal relationship between this otherwise 
fit and well young patient developing rapidly pro-
gressive and severe cardiomyopathy with resultant 
cardiogenic shock soon after starting on mesalazine 
strongly suggests a link between the disease process 
or treatment. The onset of cardiac symptoms and 
impaired function correlate with the starting of 5-ASA 
treatment and the subsequent improvement shortly 
after cessation, despite a relative worsening in his 
ulcerative colitis over the same period would strengthen 
the case for medication being the culprit. Whilst the 
cardiac MRI and biopsy do not show definitive evidence 
of myocarditis and the rapidity of cardiac deterioration 
contrasting with previous reports suggesting a typical 
period of two weeks following commencement of 
treatment prior to presentation, with some even up to 
years after starting 5-ASAs, there are limited numbers 
of cases reported so far and the rapid improvement on 
cessation of therapy, as in this case, is more typical[25].

5-ASA agents are both efficacious and generally safe 
in the management of inflammatory bowel disease, 
and whilst serious and potentially life-threatening 

complications may occur, these are very rare and should 
not necessarily discourage their use. This case aims 
to highlight and raise awareness of one such potential 
complication to ensure its consideration, prompt 
recognition and diagnosis in the future.

COMMENTS
Case characteristics
Acute myocarditis post mesalamine treatment leading to cardiogenic shock in 
severe ulcerative colitis.
Clinical diagnosis
Chest pain very short followed by cardiogenic shock requiring inotropic support.
Differential diagnosis
Viral myocarditis, autoimmune myocarditis.
Laboratory diagnosis
Raised troponin and inflammatory markers at diagnosis with a negative acute 
virology screen only revealing past EBV and parvovirus infection.
Imaging diagnosis
Cardiac magnetic resonance imaging showing diffuse, heterogeneous 
enhancement of the left and right ventricular myocardium.
Pathological diagnosis
Cardiac biopsy showing several capillaries distended with microthrombi, 
myocyte vacuolation, interstitial oedema and focal haemorrhage with Colonic 
biopsy showing moderate active chronic colitis.
Treatment
This gentleman underwent a very short course of high dose mesalamine 
therapy.
Related reports
There are a small number of five-amino salicylic acids (5-ASA) induced 
myocarditis cases in inflammatory bowel disease, however the mechanism is 
not well understood and it remains a serious but rare occurrence.
Term explanation
STIR2 imaging - Short tau inversion recovery, a fat suppression technique to 
better distinguish tissue components.
Experiences and lessons
This case report highlights a rare but potentially life threatening adverse effect 
of 5-ASA treatment for ulcerative colitis.
Peer-review
This is an interesting case of a rare side effect of a drug which is usually 
thought to be a “benign” agent. It is well written.
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Case 
report

Brief summary

Ulcerative colitis
[7] Fatal giant cell myocarditis after colectomy for ulcerative colitis
[8] Idiopathic giant-cell myocarditis-natural history and treatment. Describes two cases of myocarditis in ulcerative colitis
[9] Giant cell myocarditis monocytic immunophenotype of giant cells in a case associated with ulcerative colitis
[10] Ulcerative colitis complicated by myopericarditis and complete artioventricular block
[11] Myopericarditis complicating ulcerative colitis
[12] Acute peri-myocarditis in ulcerative colitis
[13] Transient myocarditis associated with fulminant colitis
[14] Giant cell myocarditis (subacute congestive heart failure in context of colitis)
[15] Fatal giant-cell myocarditis complicated with ulcerative colitis
Crohn’s Disease
[16] A Case of Acute Myocarditis as the Initial Presentation of Crohn's Disease
[8] Idiopathic giant-cell myocarditis-natural history and treatment. Describes one case of myocarditis in crohn’s disease
[17] Transmural inflammation consisting of lymphocytic infiltration in context of severe malnutrition leading to sudden death in Crohn´s Disease
[18] Myocarditis and subcutaneous granulomas in a patient with Cohn’s disease of the colon
[19] Myocarditis in children with inflammatory bowel disease
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Abstract
Sarcoidosis is a multisystem chronic inflammatory 
condition of unknown etiology that has the potential 
to involve every tissue in the body. Sarcoidosis in the 
gastrointestinal system, and particularly the colon, 
is very rare. Here, we report the case of a 57-year-
old man with no previous diagnosis of sarcoidosis 
who presented with new onset of abdominal pain 
and constipation. A colonoscopy revealed that the 
abdominal pain was caused by an obstructing lesion 
in the cecum-ascending colon and lacked a clear 
histologic diagnosis. Radiologic investigation revealed 
concentric wall thickening of the cecum-ascending 
colon with multiple satellite lymphadenopathies, highly 
suggestive of a malignancy. The patient underwent a 
laparotomy and a right hemicolectomy was performed. 
A diagnosis of colonic sarcoidosis was made after the 
resected specimen was examined. Additionally, a chest 
computed tomography scan revealed lung involvement 
with atypical radiologic features in the absence of 
respiratory symptoms. Only histologic examination 
of the surgical specimen can yield a diagnosis of 
gastrointestinal sarcoidosis due to the non-specificity of 
endoscopic and radiologic findings.

Key words: Colon; Sarcoidosis; Hemicolectomy; Systemic 
disease; Noncaseating granuloma

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Gastrointestinal tract involvement in systemic 
sarcoidosis is rare. This case report of a patient with 
gastrointestinal sarcoidosis is clinically relevant because 
the colonic location highlights an unusual cause of 
abdominal pain. This study provides an opportunity to 
clarify diagnostic criteria and therapeutic management 
for such a rare condition.
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INTRODUCTION
Sarcoidosis is a multisystem chronic inflammatory 
condition of unknown etiology. The characteristic 
histologic lesions are noncaseating granulomas that 
contain multinucleated giant cells in the absence of 
other autoimmune diseases, infectious disease or 
foreign agents[1]. Sarcoidosis is more common in 
young and middle-aged patients and is more prevalent 
in females[2]. It most commonly affects African-
Americans, Swedes and Danes[2]. Sarcoidosis has a 
prevalence range of 1-40 cases per 100000 people in 
the general population. In the United States, the age-
adjusted annual incidence of sarcoidosis among blacks 
is more than triple that for Caucasians (35.5 vs 10.9 
per 100000 inhabitants)[3]. 

Sarcoidosis is an immune-mediated multisystem 
disease; it is hypothesized it affects genetically 
susceptible hosts after interaction with a single or 
multiple factors. Different potential antigenic agents 
for sarcoidosis have been proposed, such as infectious 
pathogens, environmental and occupational exposures, 
without any definitive conclusion.

The clinical signs and symptoms for sarcoidosis 
are not specific and include respiratory symptoms 
(cough, dyspnea, bronchial hyper-reactivity), fatigue, 
night sweats, weight loss, and, less commonly, fever. 
However, approximately 50% of the sarcoidosis cases 
are asymptomatic and may be detected by chance 
during chest radiography[4,5]. Pulmonary involvement 
is the most common feature, with bilateral hilar 
adenopathy being the primary radiologic finding 
after a chest X-ray. Moreover, sarcoidosis in the 
lungs accounts for a majority of the morbidity and 
mortality associated with this condition. Multiple small 
nodules distributed along the lymphatic vessels that 
run within the interstitial tissues of bronchovascular 
bundles and the subpleural and perilobular spaces, 
which are potentially associated with ground-glass 
opacities or air-space consolidation, are also typically 
observed[6]. In 50% of symptomatic sarcoidosis 
patients, extrathoracic involvement can be an initial 
manifestation. Although skin and ocular lesions are 
very common, any organ or gland can be involved, 
including the liver, spleen, lymph nodes, parotid 
glands, central nervous system, genitourinary system, 
muscles and bones. Gastrointestinal involvement is 
quite rare, however, with a prevalence of less than 1% 
and may present along with systemic disease or as 
an isolated finding[1,7]. Although sarcoidosis has been 
observed in every part of the gastrointestinal tract, 
it most commonly affects the stomach[8]. The colon 

is involved less frequently[1,9,10] and sarcoidosis in the 
colon is difficult to diagnose preoperatively due to 
nonspecific symptoms and/or endoscopic findings. 

Here, we report a case of a 57-year-old man in 
apparent good health who presented with newly 
onset abdominal pain and constipation due to an 
obstructing lesion in the cecum-ascending colon as a 
result of sarcoidosis. The patient underwent a right 
hemicolectomy and a formal diagnosis was made 
upon histologic examination of the surgical specimen. 
Simultaneously, in the absence of respiratory 
symptoms, lung involvement with atypical radiologic 
features was discovered by chance during a chest 
computed tomography (CT) scan. Sarcoidosis was later 
confirmed after histologic examination of pulmonary 
tissue obtained via CT-guided biopsy.

CASE REPORT
A 57-year-old white Italian male patient presented 
at our hospital with abdominal pain and symptoms 
related to colonic obstruction. The patient was healthy 
until three to four weeks prior to presentation, when 
new-onset constipation developed and he began 
passing pencil-like stools. His primary complaints were 
bloating, anorexia and a slight weight loss over the 
previous two months.

He had no recent travel history or family members 
with autoimmune disease; his sister had pulmonary 
tuberculosis at a young age.

A physical examination of the patient revealed 
mild abdominal distention and tenderness of the right 
lower abdominal quadrant; no peritoneal signs were 
found. Routine hematology and biochemistry analyses 
revealed a white cell count of 8.6 × 103/mL with a low 
lymphocyte count (16.9% and 1.4 × 103/mL). Alpha-
amylase levels were elevated (114 mg/dL), whereas 
liver tests and serum electrolytes were normal. Iron 
serum levels were 42 µg/dL, with normal values of 
ferritin (188 ng/mL) and hemoglobin (14.5 g/dL). 
Serum electrophoresis revealed an albumin level 
of 54.4%, with a peak of alpha-1 globulin (6.2%). 
Carcinoembryonic antigen levels were slightly elevated 
(3.6 ng/mL).

A colonoscopy revealed a stenotic obstructive 
lesion at the cecum-ascending colon transition and we 
were unable to advance the colonoscope beyond this 
area. Biopsy specimens obtained from this site showed 
no evidence of a neoplastic lesion, but rather an 
acute inflammatory infiltration of the submucosa. An 
abdominal CT (Figure 1) revealed marked symmetric 
concentric wall thickening in the cecum-ascending 
colon, which notably reduced the enteral lumen and 
was associated with a heterogeneous hyperdensity of 
perivisceral fat tissue. Enlargement of the appendix 
characterized by a thickened wall with marked 
enhancement was also found. We observed multiple 
satellite lymphadenopathies along the ileocolic vessels, 
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with the largest measuring approximately 1.6 cm.
A chest CT (Figure 2) simultaneously performed 

to assess patient whole-body staging revealed 
asymmetric discrete airspace consolidation with air 
bronchograms in the right upper lobe. Numerous 
micronodular opacities were also found distributed 
in the peribronchovascular interstitium in both upper 
pulmonary lobes. Pathologic hilar or mediastinal 
adenopathies were not observed, and 1.2 cm was the 
maximum diameter in the right hilum. A radiologist 
interpreted these findings as a manifestation of right-
sided pneumonia associated with bilateral small airway 
inflammation in relation to a mild cough and slight 
fever in the patient the previous week. The patient was 
administered four weeks of oral antibiotic therapy with 
quinolones. 

Using the findings from the endoscopy and 
observations via radiology, a malignant colonic lesion 
was suspected, despite the unclear histology results. 
The patient underwent an exploratory laparotomy that 
revealed a 4 cm stenotic lesion in the cecum-ascending 
colon, with numerous peritoneal micronodules and 
adjacent lymphadenopathies (Figure 3). The appendix 
was enlarged with a maximum diameter of 4 cm. A 
carcinologic right hemicolectomy was performed.

Examination of the resected specimen revealed a 
stenotic ulcerated lesion in the colonic wall in proximity 
to the ileocecal valve and microscopic examination 
showed multiple noncaseous granulomas composed 
of a central core of epithelioid cells and multinucleated 

giant cells surrounded by a lymphocyte cuff (Figure 4). 
These features were also observed in the locoregional 
lymph nodes and peritoneal micronodules (Figure 5). 
The appendix was also pathologically involved. Ziehl-
Neelsen staining did not reveal acid-fast bacilli and 
no other organisms or foreign bodies were identified. 
In addition, polymerase chain reaction analysis did 
not reveal Mycobcaterium tuberculosis or atypical 
mycobacterial DNA.

Following the surgery, the patient responded 
favorably and was discharged six days later in good 
condition. A chest CT performed four weeks after 
the antibiotic therapy revealed no change in the 
bilateral pulmonary manifestations indicating that 
the inflammatory condition was not responsive to 
the treatment. A CT-guided biopsy of the lung was 
later performed on the right upper lobe parenchymal 
consolidations and a final histologic diagnosis of 
pulmonary sarcoidosis was made. 

DISCUSSION
Sarcoidosis is a multisystem disorder of unknown 
etiology that has the potential to affect almost every 
tissue in the body. Gastrointestinal involvement, 
however, is quite rare and accounts for less than 1% 
of cases. Sarcoidosis of the colon is even more rare, 
usually asymptomatic[11,12] and may mimic many other 
diseases, including colonic granulomatous disorders, 
such as tuberculosis, syphilis, fungal infection, 
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Figure 1  Abdominal computed tomography performed after colonoscopy. A: Transverse image of the cecum-ascending colon; B and C: Coronal images 
showing symmetric concentric wall thickening of the cecum-ascending colon mimicking a tumor lesion; heterogeneous hyperdensity of perivisceral fat tissue is also 
seen. Satellite lymphadenopathy (arrow) is observed along the ileocolic vessels; D: Enlarged appendix with a thickened wall and marked contrast enhancement.
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air-space and interstitial opacities with bilateral hilar 
node enlargement). Moreover, gallium 67 scintigraphy 
revealed marked bilateral and symmetric uptake in the 
lungs and the parotid and lacrimal gland, definitively 
confirming a diagnosis of sarcoidosis.

To the best of our knowledge, this is the first case 
in which the sarcoidosis started with symptomatic 
gastrointestinal involvement that was associated 
with atypical pulmonary features revealed by chest 
CT, in the absence of clear and definite respiratory 
symptoms. Using these findings alone, it would have 
been very difficult to relate the patient’s abdominal 
manifestations to a systemic disease. The clinical 
presentation of gastrointestinal sarcoidosis is not 
specific, and when present, the symptoms generally 
resemble those of an obstructive colonic disease.

The case reported by Nchimi et al[14] showed 
thickening of the terminal ileum wall, which caused 
intermittent diarrhea. Aaronson et al[15] discussed a 
case of sigmoid colonic sarcoidosis presenting with 
constipation and hematochezia. Hilzenrat et al[13] 
reported a case with stricture and obstruction of the 
colon, resulting in abdominal pain, distention, vomiting, 
constipation and weight loss. Similar to these findings, 
our patient was symptomatic with colonic obstruction-
related symptoms, such as constipation and abdominal 
pain with mild tenderness of the right lower abdominal 
quadrant. While reviewing the literature, we found 
only one case of rectal sarcoidosis with secondary 

inflammatory bowel disease, and malignancies.
A systematic review of the literature revealed that 

only a few cases for this location have been reported. 
Beniwal and colleagues performed a literature review 
and found ten cases of colonic sarcoidosis from 1966 
to 2003[7]. The sigmoid colon was most frequently 
affected.

When tubular organs are affected in sarcoidosis, 
it is usually associated with concomitant pulmonary 
disease. Hilzenrat et al[13] published a case report of 
a nonoperative diagnosis and management of colonic 
obstruction secondary to systemic sarcoidosis. In 
this case, the obstructive symptoms were resolved 
with a moderate dose of corticosteroid therapy, thus 
eliminating the need for urgent surgical resection 
of the colonic lesion. It is important to note that 
pulmonary sarcoidosis had been diagnosed in this 
case six years earlier and endoscopic mucosal biopsies 
on the colonic-obstructing lesion resulted in a final 
diagnosis of sarcoidosis.

Nchimi et al[14] reported a case of 7-year-old boy 
admitted for moderate weight loss and intermittent 
diarrhea associated with cough and exertional 
dyspnea. In this case, symmetric wall thickening of the 
terminal ileum and cecum observed on an abdominal 
CT were correctly interpreted as a sarcoidotic 
gastrointestinal location due to an association with 
typical features of pulmonary sarcoidosis observed by 
chest radiography (bilateral and diffuse parenchymal 

Figure 2  Chest computed tomography performed after colonoscopy for whole-body staging. A and B: Asymmetric discrete airspace consolidation with air 
bronchograms in the right upper lobe; C: Numerous micronodular opacities are present in both upper pulmonary lobes (also seen in panel A) with distribution in the 
peribronchovascular interstitium. These findings showed no significant change after four weeks of antibiotic therapy; D: No pathologic hilar or mediastinal lymph node 
enlargement was observed.
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paralytic ileus that resembled adult-onset Hirschsprung 
disease[16]. In this particular case, a barium enema 
and rectal manometry showed rectal dilatation with 
weak or nearly absent colonic contraction. Neither 
a gastrografin small bowel study nor a colonoscopy 
identified an organic obstruction causing a mechanical 
ileus.

Imaging and endoscopic findings are not diag-
nostically specific for sarcoidosis and may overlap with 
other diseases, such as chronic inflammatory bowel 
disease, tuberculosis, lymphoma and carcinoma. 
Endoscopic appearances are extremely varied and 
include aphthous erosions or ulcers, friable mucosa or 
small punctate bleeding sites mimicking colitis, plaque-
like lesions, focal nodularity or segmental narrowing[17].

Veitch et al[18] reported a case with asymptomatic 
colonic sarcoidosis presenting as colonic polyposis 
where the polyps were adenomatous in appearance. 
Ushiki et al[9] presented another case of colonic 
sarcoidosis with multiple elevated lesions mimicking 
submucosal tumors in the colon; these lesions were 
sessile, soft, had a smooth surface and a diameter of 
2-5 mm. Sarcoidosis lesions may also form irregular 
mass lesions mimicking a carcinoma[19]. In the case 
presented in this study, the stenotic lesion was highly 
suggestive of malignancy.

Histologic examination is necessary to establish or 
exclude diagnosis of colonic involvement. In biopsy 
specimens, the presence of noncaseating granulomas is 
the pathologic hallmark of this disease[5,7,8]. It is necessary 

Figure 3  Resected specimen after laparotomy. A: Right hemicolectomy was performed; B-D: A voluminous stenotic ulcerated lesion of the colonic wall in proximity 
to the ileocecal valve (arrow in D) was observed; E: Numerous peritoneal micronodules near the colonic lesion are shown.
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Figure 4  Histologic examination of the intraoperative specimen. Hematoxylin and eosin staining showed A: Noncaseating epithelioid granulomas in the colonic 
wall (magnification × 5); B: Confluent granulomata in the colonic wall (magnification × 10); C: Perivisceral involvement (magnification × 5); D: Microscopic aspects of 
the sarcoidotic granulomas (magnification × 20).
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Figure 5  Extracolonic sarcoidosis involvement. Hematoxylin and eosin staining revealed: Sarcoidotic involvement of locoregional lymphadenopathy (A, B) (A: × 
10; B: magnification × 40); Sarcoidotic granulomas in the parietal peritoneum adjacent to the colonic lesion (C, D) (C: magnification × 2; D: magnification × 20).
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to exclude other granulomatous disorders such as 
tuberculosis, fungal infections, inflammatory bowel 
disease, malignancy and delayed-type hypersensitivity 
to foreign antigens. Intestinal sarcoidosis is easy to 
distinguish from Crohn’s disease and Wegener granu-
lomatosis.

It’s noteworthy that, in contrast with our case, 
most of authors[9,13,16,20,21] obtained definitive diagnosis 
of sarcoidosis on colon biopsy. Only Daldoul et al[17] 

revealed histology failure on endoscopic biopsy 
specimen of a stenotic lesion in the ascending colon; 
in this case the patient underwent a laparotomy and a 
right hemicolectomy was made.

Besides, we have verified that, when clinical 
presentation in association with biopsy results are 
suggestive of sarcoidosis, patients are started on 
corticosteroid therapy, with significant improvement 
in their symptoms[13,16,21]. Hilzenrat et al[13] showed a 
complete regression of two obstructive colonic lesions 
after steroid treatment, as seen on barium enema 
and colonscopy, where no granulomas were found on 
mucosal biopsy specimens after therapy.

From our literature review, we have confirmed that 
there are very few radiologic descriptions of colonic 
sarcoidosis. CT may show segmental or symmetric wall 
thickening with preserved wall stratification[14]. In our 
case, CT showed symmetric thickening of the colonic 
wall, highly suggestive of a tumor; on the other hand, 
pathologic enlargement of the appendix observed in 
the present case is rather uncommon in malignancies. 

If a pseudotumor is suspected, however, and the 
biopsy specimens fail to demonstrate a definitive 
diagnosis of colonic sarcoidosis, surgical treatment 
with conventional surgical oncologic principles must be 
proposed[22]. In the other cases, systemic sarcoidosis is 
usually readily responsive to corticosteroid therapy and 
clinical resolution may be reached without surgery.

The colon is an unusual site for gastrointestinal 
sarcoidosis and its symptomatic involvement may 
represent the onset of this systemic disease. A 
preoperative diagnosis of sarcoidosis is difficult to 
make due to the overlap of imaging and radiologic 
findings with that of malignancies. In patients with a 
previous diagnosis of sarcoidosis, however, it should be 
suspected. In all cases, a histologic examination that 
reveals noncaseating granulomas allows for a definitive 
diagnosis. If the histology is unclear, patients will need 
to undergo surgery for a diagnosis.

COMMENTS
Case characteristics
A 57-year-old man in apparent good health with abdominal pain and 
constipation.
Clinical diagnosis
New-onset constipation with mild abdominal distention and tenderness of the 
right lower abdominal quadrant; subtle weight loss.
Differential diagnosis
Malignant tumor of the gastrointestinal tract.

Laboratory analysis
White blood cell count, 8.6 × 103/mL with 1.4 × 103/mL lymphocytes; 
hemoglobin, 14.5 g/dL; iron serum, 42 µg/dL with normal values for ferritin (188 
ng/mL); carcinoembryonic antigen, 3.6 ng/mL; albumin, 54.4% with a peak 
of alpha-1 globulin (6.2%); alpha-amylase, 114 mg/dL; liver tests and serum 
electrolytes were normal. 
Imaging diagnosis
An abdominal computed tomography revealed symmetric concentric wall 
thickening associated with heterogeneous hyperdensity of perivisceral fat tissue 
and satellite adenopathy at the cecum-ascending colon transition, causing a 
notable reduction in the enteral lumen; enlargement of the appendix was also 
found.
Pathological diagnosis
A colonoscopy revealed a stenotic obstructive lesion at the cecum-ascending 
colon transition; a biopsy showed no evidence of a neoplastic lesion, but rather 
an acute inflammatory infiltration of the submucosa.
Treatment
The patient underwent a right hemicolectomy.
Related reports
Very few cases of colonic sarcoidosis have been reported in the literature and 
most of them have been found in patients with a previous diagnosis of this 
systemic disease.
Term explanation
Sarcoidosis is a multisystem disorder of unknown etiology that has the potential 
to affect almost every tissue in the body. Polymerase chain reaction for DNA 
specific to Mycobacterium tuberculosis and atypical mycobacteria can be used 
to rule out these bacteria as the cause of the disease.
Experiences and lessons
This case report presents an unusual onset of systemic sarcoidosis with colonic 
involvement causing gastrointestinal obstruction-related symptoms. 
Peer-review
The authors present the case of a 57-year-old man who presented with an 
obstructing colonic mass. Colonoscopic biopsies were non-diagnostic and he 
underwent hemicolectomy and was found to have colonic sarcoidosis. This is 
an unusual presentation of a highly condition, and a worthwhile case report. 
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Abstract
Gastrointestinal stromal tumours (GISTs) are the most 
common mesenchymal tumours of the gastrointestinal 
tract, but they represent less than 3% of all gastrointestinal 
tract malignancies. This is a detailed case study of a 52-year-
old male patient treated for very uncommon histological 
subtype of gastric GIST with atypical clinical presentation, 

asymptomatic progress and late diagnosis. The resected 
tumour, giant in diameters, was confirmed to represent the 
most rare histopathologic subtype of GISTs - sarcomatoid 
epithelioid GIST. We report this case and review the 
literature with a special focus on pathomorphological 
evaluation, biological aggressiveness and prognostic 
factors. To our knowledge this is the first report of giant 
GIST of very uncommon sarcomatoid epithelioid subtype. 
It is concluded that clinicians should pay attention to the 
fact that initial diagnosis may be delayed due to mildly 
asymptomatic and non-specific clinical presentation. 
Asymptomatic tumours diagnosed at a late stage, which 
is often the case, can be large on presentation. Prognosis 
for patients diagnosed with GIST depend on tumour 
size, mitotic rate, histopathologic subtype and tumour 
location. That is why early diagnosis and R0 resection, 
which is usually feasible and safe even in giant gastric 
sarcomatoid epithelioid subtype of GISTs, are the key 
factors for further treatment and good prognosis. 

Key words: Gastrointestinal stromal tumour; Sarcomatoid 
epithelioid gastrointestinal stromal tumour; Gastric 
gastrointestinal stromal tumour; Gastrointestinal tract 
tumour
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Core tip: This is a detailed case study of a 52-year-old 
male patient treated for very uncommon histological 
subtype of gastric gastrointestinal stromal tumour 
(GIST) with atypical clinical presentation, asymptomatic 
progress and late diagnosis. The resected tumour, giant 
in diameters, was confirmed to represent the most rare 
histopathologic subtype of GISTs - sarcomatoid epithelioid 
GIST. We report this case and review the literature with a 
special focus on pathomorphological evaluation, biological 
aggressiveness and prognostic factors. To our knowledge 
this is the first report of giant GIST of very uncommon 
sarcomatoid epithelioid subtype.
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INTRODUCTION
Gastrointestinal stromal tumours (GISTs) are the most 
common mesenchymal tumours of the gastrointestinal 
(GI) tract, representing only less than 3% of all primary 
gastrointestinal malignancies[1-3]. Interstitial cells of 
Cajal and stem cells of the smooth muscle tissue are 
known to be the precursors of GISTs[4]. Tumour size, 
mitotic rate, localization, tumour vascularisation and 
infiltration are the key prognostic factors in predicting 
malignancy potential. The available epidemiological 
studies provided diverse results, with the incidence 
rates of around 10-20 new cases per million population 
per year[2,3]. Incidence determined from data collected 
in 14 countries which joined the EORTC study totals 
4-5 new cases per 1 million population per year[4,5]. 
GIST is predominantly diagnosed at an advanced stage, 
most patients (around 75%) are over 50 years old at 
diagnosis[4,5], and the peak onset is among 55-65 years 
old[2,4,6]. Age median for gastric GIST is 63 years, with 
a slight male predominance (55%)[1,7]. Stomach is the 
most common location for GIST, which accounts for 
1%-2% of all gastric cancers[8]. Various sources report 
that as many as 70% of all GISTs are located in the 
stomach - most commonly in the gastric body (42.3%) 
and in the prepyloric area (28.5%)[1,2,4]. Prognosis for 
gastric GIST is typically better than for GISTs developed 
in other parts of the GI tract. Stromal tumours can be 
also found in the small intestine (25%-30%), in the 
colon and rectum (3%-10%)[2,4,5]. Less than 10% of 
all GISTs are estimated to be retroperitoneal GISTs or, 
in late-stage metastatic tumours, the location of the 
primary tumour can be no longer determined[5].

The molecular pathogenesis of stromal tumours 
involves a mutation which activates tyrosine kinase 
(KIT) and PDGFRA membrane receptors[1,3,4]. These 
receptors regulate key cell functions: proliferation, 
differentiation and anti-apoptotic signalling[3]. In GIST, 
ligand-independent activation of these receptors is 
observed, leading to uncontrolled cell proliferation 
and stimulation of downstream signalling pathways[3]. 
The metastatic pattern of GISTs is predominantly 
intra-abdominal, mainly to the liver[4,5]. Lymph nodal 
invasion is uncommon, therefore lymphadenectomy is 
not required with GIST resection[1,4].

In this paper, we study the case of a male patient 
treated for very uncommon histological subtype of 
gastric GIST with atypical clinical presentation, with 
a focus on pathomorphological evaluation, biological 

aggressiveness and prognostic factors. Authors 
checked the PubMed and MEDLINE databases for last 
ten years searching for epihelioid sarcomatoid gastric 
GIST and to our knowledge this is the first report of 
giant GIST of very uncommon sarcomatoid epithelioid 
subtype.

CASE REPORT
A 52 years old male patient was transferred to the 
general and oncological surgery department of the 
Medical University Teaching Hospital from a district 
hospital with suspicion of gastric GIST, for continuation 
of therapy. The patient was previously admitted for the 
first ever episode of fainting and loss of consciousness. 
A single tarry stool was reported one day before 
hospitalisation, and a history of bloody stools for 2 wk 
before presentation. During this period, the patient 
did not complain of nausea, vomiting or defecation 
disorders. Haemoglobin 8.8 g/dL, red blood cell (RBC) 2.8 
million/dL, Hct 26% at admittance. No morphological 
disorders or sources of bleeding into the GI tract were 
revealed in gastroscopy and colonoscopy. Computed 
tomography (CT) scan showed a tumour-like mass 
projecting to the lumen of the stomach, adjacent to 
the greater curvature area, penetrating downwards 
and to the left (Figure 1). No interconnection between 
the intestinal loops and the tumour was demonstrated. 
Another gastroscopy was performed based on CT 
results, which revealed an external displacement of 
otherwise unchanged gastric mucosa over the area 
of 10 cm × 15 cm, within the angular incisure area. 
A biopsy sample was collected for histopathological 
analysis, which revealed signs of chronic inflammation, 
however, no GIST-type pattern was confirmed. The 
patient was administered 4 packed red blood cells 
units and 2 fresh frozen plasma (FFP) units, which 
improved his CBC parameters.

On the day of admittance to the university depart-
ment of surgery, the patient did not experience any 
pain, but reported recurring heartburn and general 
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Figure 1  Computed tomography scan revealed a tumour-like mass 
projecting to the lumen of the stomach, adjacent to the greater curvature 
area.



malaise accompanied by weight loss by around 5 kg 
within the preceding 2 wk. He did not complain of 
any other gastrointestinal discomforts. The patient 
had a history of appendectomy and was also treated 
for arterial hypertension. In a physical examination, 
the abdomen was soft and slightly tender in the 
epigastric region, where a pathological mass was 
detected, without any signs of peritoneal irritation. 
During hospitalisation patient underwent an abdominal 
ultrasound which revealed hypoechoic, heterogeneous 
tumour of 106 mm × 56 mm × 144 mm in size in 
the epigastric region, attached to the posterior gastric 
wall (Figure 2). The tumour itself demonstrated small 
hypoechoic and anechoic spaces of up to 21 mm. 
The patient was qualified for surgical treatment with 
suspicion of gastric GIST. A large cherry-coloured 
soft-structured mass of 15-18 cm diameter was 
revealed during surgery within the peritoneal cavity, 
and more specifically in lesser sac of the peritoneal 
cavity, attached to the posterior gastric wall of the 
gastric body. The patient had a wedge resection 
encompassing the entire tumour mass. The capsule 
of the tumour was intact (Figure 3). No perioperative 
complications were observed. The patient tolerated 
oral dietary intake. He was discharged home on day 
7 post surgery in a good general condition. No health 

concerns were reported during 4 wk follow-up.
In the final histopathologic analysis of a tumour 

sample, including a 5 cm × 4.5 cm section of gastric 
wall, the macroscopic appearance of the gastric 
mucosa was normal. In cross-section, the tumour 
was shown to penetrate under the gastric mucosa, 
without infiltrations, and projected beyond the external 
gastric wall, up to the size of 120 mm × 80 mm × 160 
mm. The tumour was yellowish in cross-section, soft, 
and nested, with areas of haemorrhage. The surgical 
margin was preserved. Sarcomatoid epithelioid 
GIST was confirmed in microscopic examination. 
Immunohistochemical staining revealed the following: 
Ki67 < 5 mitoses per 50 HPFs, KIT (+/-), CKAE1 (+) 
AE3 (-), vimentin (+), CD34 (-), S100 (-), CD30 (-), 
caldesmon (-), actin (-), MCT (-), fat s(-)(Figure 4).

DISCUSSION
Gastrointestinal stromal tumours, although rare, 
increasingly receive the attention of clinicians. GISTs 
can develop along the GI tract, which may to some 
extent explain the broad spectrum of clinical symptoms, 
which include abdominal pain, gastrointestinal bleeding, 
anaemia, palpable abdominal mass, dyspepsia, nausea, 
vomiting and obstruction, constipations, diarrhoeas, 
swallowing difficulties, and episodes of weight loss[2,3,8]. 
However, some authors claim that “vague abdominal 
discomfort” is the most common symptom of stromal 
tumours, which can affect as many as 70% of all 
patients[2]. GIST can lead to peritonitis caused by 
perforation in the abdominal wall, typically accompanied 
by bleeding into the GI tract lumen[1-4]. Asymptomatic 
tumours most commonly develop in the stomach and 
duodenum.

GISTs, especially asymptomatic ones, pose a 
significant diagnostics challenge and are currently 
detected mainly with diagnostic imaging techniques 
and endoscopy. Abdominal contrast-enhanced CT 
or magnetic resonance (MR) are the recommended 
diagnostic imaging techniques in determining tumour 
stage and therapy planning[2,4,5]. With abdominal CT 
and MR, stromal tumours can be detected in 72% and 
91% of patients, respectively[2]. CT images can be 
useful in evaluating the malignancy potential. Irregular 
shape, over 10 cm in size, calcification areas, cystic 
degeneration within the mass, and central necrosis 
are the main criteria for malignant behaviour[2]. 
However, some authors question the prognostic value of 
calcification and colliquative necrosis[1]. On CT images, 
GISTs are solid well-circumscribed tumours, and patchy 
enhancement by contrast medium[3,4]. Endoscopic 
ultrasound (EUS) is another valuable diagnostics tool in 
which hypoechoic lesions can be precisely marked out 
across individual layers of the gastrointestinal wall. EUS 
can be also useful in assessing the depth of invasion. The 
size of over 4 cm, irregular surface and heterogeneous 
echogenicity may point to more malignant tumours[3,4]. 
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Figure 2  Abdominal ultrasound disclosed hypoechoic, heterogeneous 
mass filling the epigastrium.

Figure 3  Removed gastric gastrointestinal stromal tumour. The capsule 
was not damaged.
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Endoscopy combined with biopsy and contrast-enhanced 
radiography is of limited diagnostic value, as it detects 
only around 33% of cases based on initial diagnosis[2]. 
Endoscopic ultrasound-guided fine-needle aspiration 
(EUS-FNA) can be considered the gold diagnostic 
standard (84% specificity) as it directly visualizes the 
tumour and provides sufficient cytological material for 
molecular diagnostics[3].

Gastric GIST comes in three different histological 
subtypes: spindle cell type (50%), epithelioid type 
(20%-40%) and mixed type (10%)[1,9,10]. Epithelioid 
GISTs are also reported to be significantly more common 
in the stomach[11]. There are now four different subtypes 
of epithelioid gastric stromal tumours distinguished: 
sclerosing, hypercellular, heterogeneous and sar-
comatoid[1]. The last subtype is the least common 
subtype of epithelioid GISTs - it is present in only 
2.5% of patients with gastric stromal tumours[1]. The 
sarcomatoid subtype can be found in both, epithelioid 
and spindle cell tumours[1]. The sarcomatoid pattern 
typically translates into statistically worse prognosis, 
especially in GISTs of the spindle cell type[1]. According 
to some sources, epithelioid stromal tumours involve 
larger tumour mass and shorter survival period as 
compared to other histological types (29.2 mo vs 96.1 
mo for spindle cell tumours, and 61 mo for mixed 
type tumours)[12]. Pathomorphological evaluation is 
made up of traditional histopathology accompanied 
by tests for a number of tumour markers, which are 
of key importance in diagnosing stromal tumours. 
Genes responsible for increasing the density of 
transmembrane tyrosine kinase receptor KIT are 
universally overexpressed in GIST. KIT receptor can 
be detected by immunohistochemistry (CD117). 
CD117 overexpression is the most sensitive and highly 
specific marker of stromal tumours detected in nearly 
90%-95% of cases[1,3,4,9,10]. CD117-negative gastric 
GISTs predominantly represent the epithelioid subtype, 
and only 18% of spindle cell tumours show no signs 
of CD117 expression[1]. Other markers such as nestin 
(90%) and CD34 (70%) are also representative but less 
specific[9]. CD34 is almost universally positive in GISTs 

located in oesophagus or rectum (95%-100%)[9,10]. 
CD34 is expressed in 80%-88%[1,10,11] of gastric 
GISTs, whereas α-smooth muscle actin (α-SMA) is 
present in around 20%-40% of patients in whom 
CD34 expression is absent[4,7]. The majority of CD34-
negative gastric stromal tumours are conclusively 
identified as epithelioid-type tumours and have been 
shown to be more aggressive[1,11]. α-SMA (+) is present 
in only around 30% of patients, but is significantly 
more common in GISTs located in the stomach or 
small intestine[9]. In α-SMA-positive patients, the 
progression-free survival is significantly longer as 
compared to α-SMA-negative patients (37.7 mo vs 
15.9 mo), but this correlation was demonstrated on a 
small population of patients and needs to be confirmed 
in other studies[12]. S-100 should be also mentioned in 
the context of pathomorphological evaluation, as it is 
present in only around 5% of patients and is especially 
common in epithelioid-type tumours, the majority of 
which are more malignant[1,11]. A positive relationship 
with the desmin antibody is rare and can be found in 
only 1%-3% of gastric stromal tumours, but is more 
common in epithelioid-type GISTs[9-11].

Biological aggressiveness of primary, resectable 
GISTs can be determined mainly by relying on tumour 
size, mitotic rate, and tumour location[4]. The National 
Institutes of Health (NIH) system for determining 
GIST malignancy potential is commonly used in daily 
practice and has been referred to in numerous sources. 
It involves two major criteria: tumour size and mitotic 
count[7,8]. The relationship between size and mitotic 
count vs malignancy potential was analysed by Miettinen 
et al[1]. It was based on over 1000 cases of stromal 
tumours. Based on this analysis, it was determined 
that the mortality attributed to tumours with less than 
5 mitoses per 50 HPFs equals 0% for tumour with the 
size of less than 2 cm, 2% for tumours of 2-10 cm in 
size, and 11% for tumours with the size of over 10 cm. 
The mortality rate significantly increases in tumours 
showing more than 5 mitotic figures per 50 HPFs: 16% 
for tumours of 2-5 cm in diameter, 49% for tumours of 
5-10 cm in size, and 86% for “large” tumours with the 

3391 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

Figure 4  Pathology images. A: Weak immunoreactivity to KIT (CD 117; original magnification × 200); B: Gastric gastrointestinal stromal tumour (HE staining; original 
magnification × 100).
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size of over 10 cm[1]. Mortality associated with primary 
tumour or metastasis in patients with gastric GIST > 5 
cm in size and more than 5 mitotic figures per 50 HPFs 
amounts to 49%-86%. Epithelioid-type tumours of 
more than 6 cm in size and other tumour types of more 
than 7 cm in size can be indicative of higher malignancy 
and metastatic potential. More favourable prognosis for 
metastatic tumours can be only expected in patients 
with large tumours (> 10 cm) and low mitotic count 
(less than 5 mitotic figures/50 HPFs) - metastases are 
present in only 12% of cases, and the progression free 
survival is around 5-15 years[1]. Mean 5-year survival 
in patients who underwent radical surgical procedure, 
irrespective of the key major pathomorphological 
factors, is estimated at 28%-65%, or even 70%[4,7]. 
The largest gastric GIST reported so far was 37x24x13 
cm in size and weighted 8.5 kg[13]. Size median for 
gastric GISTs is 6 cm. Tumours of 2-5 cm (38.2%) and 
5-10 cm (29.7%) in size prevail[1,7]. Large tumours (> 
10 cm) on presentation are diagnosed in only 20% 
of patients[1,7]. Asymptomatic disease progression is 
the reason of late-stage diagnosis, with metastases 
present in around 21% of patients on presentation[4,8]. 

The most malignant gastric stromal tumours are 
located at the fundus, entrance, and at the gastro-
oesophageal junction[1]. Mortality is closely correlated 
with the mitotic rate and tumour size[1]. Median survival 
following resection is 12.4 years for all GISTs, and 14.1 
years for gastric GISTs, with no signs of recurrence[1,7]. 

The majority of GIST recur within the first 5 years post 
resection[7]. Local recurrences limited to gastric walls are 
rare. Local recurrences result from incomplete resection 
of the primary tumour or new GISTs[1].

The studied case can be classified as stage Ⅱ 
tumour according to the TNM system[14]. It is a high-
risk (malignant) tumour according to the NIH system[8]. 
According to Miettinem, the patient should be classified 
to low or medium risk of death, which translates into 
12%-15% risk of cancer-related death[1].

Surgery is the first choice treatment of primary 
gastrointestinal stromal tumours of more than 2 cm in 
diameter[4,6]. It is desirable to obtain 1 cm macroscopic 
margins of healthy tissues to secure negative microscopic 
margins (R0 resection) with the tumour capsule left 
intact[3,6]. It is imperative to avoid rupture of the tumour 
capsule as it can lead to tumour dissemination. Both 
sporadic and surgery-related ruptures are reported in 
only around 6% of patients[7]. According to the National 
Comprehensive Cancer Network guidelines, extended 
anatomic resection of the stomach is indicated only 
rarely[6]. Wedge resection and partial resection of the 
stomach are sufficient in 40% and 34% of cases, 
respectively[1]. Complete gastrectomy is necessary in 
only 3% of patients[1]. Infiltration into the peritoneal 
cavity and adjacent organs is observed in only 5.4% 
of patients. Laparoscopic surgery can be performed 
on GISTs of less than 5cm in size[6]. As compared to 
traditional surgery, laparoscopic approach in gastric 
GISTs involves reduced blood loss, fewer perioperative 

complications, shorter hospitalisation, and earlier 
resumption of oral dietary intake. However, there 
were no statistically significant differences between 
the outcomes of different surgical techniques and the 
number of recurrences, surgical margins, or the overall 
survival[15].

The key issue in effective post-surgery therapy is 
to inform the patient of the possibility of recurrence 
following many years of disease-free period. Therefore, 
patients should be subject to regular follow-up 
surveillance. Abdominopelvic contrast-enhanced CT 
is the mainstay for this type of follow-up. In medium 
and high risk patients according to NIH, follow-up 
surveillance should be performed at 3-4 mo intervals 
during the first 2 years, every 6 mo for 3 more years, 
and then every 12 mo (5 or more years post-resection). 
Patients with GISTs of very low and low aggressiveness 
can undergo the follow-up examinations every 12 mo.

Although surgical tumour resection is the treatment 
of choice in GIST, the supportive role of pharmacotherapy 
with tyrosine kinase inhibitors is increasingly highlighted. 
Adjuvant therapy remains controversial, despite the 
approval of imatinib in post-surgery treatment of 
patients with high-risk of recurrence according to 
NCCN-AFIP-AJCC classification. This type of treatment 
is most beneficial in patients classified to the highest 
risk of recurrence. Neoadjuvant imatinib should be also 
attempted in patients with borderline resectable GIST. In 
patients at advanced stage of GIST, inclusion criteria for 
imatinib are: unresectable tumour, distant metastases 
(liver, dissemination) and local recurrence. Second 
generation tyrosine kinase inhibitor - sunitinib can be 
also considered if there is a further disease progression. 
Cancer treatment is now becoming more and more 
personalised. However, despite the huge progress in this 
area, and the introduction of novel anti-cancer drugs, 
cancer treatment still remains a huge challenge.

COMMENTS
Case characteristics
A 52 years old male patient admitted for the first ever episode of fainting 
and loss of consciousness with a history of bloody stools for 2 wk before 
presentation.
Clinical diagnosis
In a physical examination, the abdomen was soft and slightly tender in the 
epigastric region, where a pathological mass was detected, without any signs of 
peritoneal irritation.
Differential diagnosis
Malignant tumors, benign neoplasms.
Laboratory diagnosis
Haemoglobin 8.8 g/dL, RBC 2.8 million/dL, Hct 26%, metabolic panel were 
within normal limits at admittance.
Imaging diagnosis
Computed tomography scan showed a tumour-like mass projecting to the lumen 
of the stomach, adjacent to the greater curvature area, whereas gastroscopy 
revealed an external displacement of otherwise unchanged gastric mucosa.
Pathological diagnosis
In the final histopathologic analysis sarcomatoid epithelioid gastrointestinal 
stromal tumours (GIST) was confirmed and immunohistochemical staining 
revealed the following: Ki67 < 5 mitoses per 50 HPFs, tyrosine kinase (KIT) (+/-), 
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CKAE1 (+) AE3 (-), vimentin (+), CD34 (-), S100 (-), CD30 (-), caldesmon (-), 
actin (-), MCT (-), fats (-).
Treatment
The patient had a wedge resection encompassing the entire gastric tumour 
mass.
Related reports
To authors’ knowledge this is the first report of giant GIST of very uncommon 
sarcomatoid epithelioid subtype.
Term explanation
KIT is a receptor tyrosine kinase protein found on the surface of gastrointestinal 
stromal tumors cells.
Experiences and lessons
This case report not only focuses on uncommon symptoms, pathomorphological 
evaluation, biological aggressiveness of giant gastric sarcomatoid epithelioid 
GISTs, but also discuss the key factors for further treatment and good 
prognosis.
Peer-review
This paper includes the overviews on GISTs with clinically relevant info and 
concise case of uncommon sarcomatoid epithelioid subtype.
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radical esophagectomy that was treated with lobectomy. 
A 65-year-old male who underwent subtotal esopha-
gectomy with three-field lymph node dissection for 
esophageal carcinoma was referred to our hospital because 
of sudden hemoptysis. After the esophagectomy, 
bilateral vocal cord paralysis was observed, and the 
patient suffered from repeated episodes of aspiration 
pneumonia. Bronchoscopy revealed hemosputum in 
the right middle lobe bronchus, and contrast-enhanced 
computed tomography showed tortuous arteries arising 
from the right inferior phrenic artery and left subclavian 
artery toward the right middle lobe bronchus. Although 
bronchial arterial embolization was performed twice 
to control the recurrent hemoptysis, the procedures 
were unsuccessful. Right middle lobectomy was 
therefore performed via  video-assisted thoracic surgery. 
Engorged bronchial arterys with medial hypertrophy 
and overgrowth of the small branches were noted 
near the bronchus in the resected specimen. The 
patient recovered uneventfully and was discharged on 
postoperative day 14.

Key words: Hemoptysis; Esophagectomy; Recurrent 
laryngeal nerve injury; Ectopic/collateral bronchial 
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arterial embolization
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Core tip: To the best of our knowledge, this is the 
first report of bronchial bleeding suspected to arise 
from ectopic/collateral bronchial arteries after radical 
esophagectomy with three-field lymphadenectomy 
for esophageal carcinoma. Such clinical course after 
esophagectomy for esophageal carcinoma is quite 
meaningful, especially in cases of postoperative recurrent 
aspiration pneumonia due to bilateral recurrent laryngeal 
nerve injury.
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INTRODUCTION
Hemoptysis is an alarming symptom and a potentially 
life-threatening complication that can occur in a variety 
of infectious, inflammatory, and cancerous diseases 
of the chest. In general, there are several causes of 
hemoptysis, including bronchogenic carcinoma, chronic 
inflammatory lung disease due to bronchiectasis and 
various infections, although the majority of cases are 
due to tuberculosis[1,2].

According to previous reports, surgeons should 
consider the potential for locoregional recurrence and 
aorto-bronchial fistula[3,4] or gastro-tracheobronchial 
fistula formation[5,6] in cases of hemoptysis after 
esophagectomy for esophageal carcinoma. To the 
best of our knowledge, this is the first report of 
bronchial bleeding suspected to have arisen from 
ectopic/collateral bronchial arteries after radical 
esophagectomy with three-field lymphadenectomy 
for esophageal carcinoma. This clinical course after 
esophagectomy for esophageal carcinoma is quite 
meaningful, especially in cases of postoperative 
recurrent aspiration pneumonia due to bilateral 
recurrent laryngeal nerve injury. 

CASE REPORT
A 65-year-old Japanese male who underwent 
esophagectomy was admitted to our hospital with 
sudden hemoptysis. He had smoked 20 cigarettes 
a day since his twenties and consumed alcohol only 
on social occasions without regular habitual drinking. 
On preoperative examination, upper gastrointestinal 
endoscopy demonstrated a pedunculated lesion 
located on the posterior wall of the upper thoracic 
esophagus 21-23 cm distal from the incisors. A 
biopsy from the pedunculated lesion revealed a well-
differentiated tubular adenocarcinoma. The patient 
had undergone radical esophagectomy with three-field 
lymphadenectomy 19 mo before the current admission. 
Surgical reconstruction was performed via the posterior 
mediastinal route using a gastric conduit, followed by 
esophagogastrostomy and tracheostomy placement, 
as bilateral recurrent laryngeal nerve injury was 
noted. The right bronchial artery (BA), which is usually 
identified and preserved, was suspected to be absent 
because it was not identified despite a meticulous 
investigation. Histopathologically, the pedunculated 
tumor consisted of mixed adenoendocrine carcinoma. 

None of the 79 widely dissected lymph nodes exhibited 
metastasis, and no lymphatic invasion was detected. 
The patient was diagnosed with stage ⅠA (pT1bN0M0) 
disease according to the 7th edition of the UICC/AJCC 
TNM classification. Postoperatively, bilateral vocal 
cord paralysis was observed, and the patient suffered 
from repeated episodes of aspiration pneumonia for 
six months after the surgery (Figure 1A, B). Because 
the main cause of the patient’s repeated aspiration 
was postprandial reflux of gastric contents, resection 
of the pyloric ring and diversion of the gastric conduit 
in a Roux-en Y fashion was performed to prevent 
further aspiration of the regurgitant. Thus, it took 
approximately eight months for the patient to safely 
resume oral intake. He was discharged from our 
hospital nine months after surgery. Although the 
bilateral vocal cord paralysis did not improve, he 
was able to maintain proper dietary habits through 
dysphagia rehabilitation and adopting a soft diet. 
Although no further episodes of aspiration pneumonia 
or evidence of tumor recurrence were noted during 
follow-up, consolidation in the right middle lobe, which 
was observed at discharge, persisted by computed 
tomography (CT) that was performed immediately 
before this episode (Figure 1C). A total of 19 mo 
after esophagectomy, the patient began to cough 
up small amounts of blood and was admitted to a 
regional hospital. Upper gastrointestinal endoscopy 
did not reveal any bleeding from the gastric conduit. 
Meanwhile, bronchoscopy revealed hemosputum 
in the entrance of the right middle lobe bronchus; 
bleeding from the peripheral bronchus was suspected 
to be the primary cause of this complication. Although 
the patient exhibited a stable clinical course under 
conservative therapy, sudden hemoptysis was noted 
one week after onset, and he was transferred to our 
hospital. Laboratory tests performed at the time of 
admission indicated anemia and inflammation. The 
hemoglobin level was 8.8 g/dL, and the C-reactive 
protein level was elevated at 16.1 mg/dL. However, 
the levels of serum Aspergillus antigens, β-D glucan, 
and tumor markers, such as carcinoembryonic antigen, 
squamous cell carcinoma antigen, and carbohydrate 
antigen 19-9 were all within normal limits. The patient 
demonstrated a negative blood culture, although 
Klebsiella pneumoniae and Pseudomonas aeruginosa 
were detected in a sputum culture. Additionally, he 
was negative for tuberculosis. While bronchoscopy 
revealed no active hemorrhaging from the respiratory 
tract, a small level of hemosputum was observed 
in the entrance of the right middle lobe bronchus 
(Figure 2A). CT and chest radiography revealed a 
massive infiltrative shadow in the right middle lobe 
with atelectasis in the right lower lobe (Figure 2B, 
C). In addition, bronchoscopy and CT revealed no 
protruding lesions, suggesting bronchial invasion of 
the tumor and/or gastro-tracheobronchial/aorto-
bronchial fistula formation in the bronchus. With 
respect to the vessel anatomy, contrast-enhanced 
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CT showed a tortuous artery ascending from the 
right inferior phrenic artery directly arising from the 
aorta near the celiac trunk toward the right middle 
bronchus (Figure 3A); in addition, we observed several 
tortuous arteries with hypervascularity arising from 
the left subclavian artery, which descended obliquely 
along the right main bronchus (Figure 3B). Although 
we considered these engorged and tortuous vessels 
to be ectopic/collateral BAs that caused the patient’s 
hemoptysis, identifying the responsible vessel was 
difficult because of his hemostasis. Considering the 
difficulty in performing embolization of the ectopic 
BAs arising from the left subclavian artery, we first 

attempted to embolize the right collateral BA arising 
from the inferior phrenic artery. On the next day from 
admission, a bronchial arterial embolization (BAE) 
procedure was performed. No aorto-bronchial fistulas 
were detected on aortography. The right collateral 
BA was successfully embolized with gelatin sponge 
particles (Figure 3C). However, the day after the BAE 
procedure, the level of recurrent hemoptysis was 
estimated to be approximately 200-300 mL, and 
bronchoscopy revealed bleeding from the same site as 
that observed at disease onset. On the third day after 
admission, a second BAE procedure was emergently 
performed. Although selective embolization of the 
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Figure 1  Unenhanced computed tomography after esophagectomy. A: Computed tomography (CT) revealed consolidation in the right middle lobe; B: CT 
simultaneously demonstrated consolidation in the right lower lobe (A and B); C: Although there was no evidence of newly developed pneumonia, consolidation 
remained in the right middle lobe 14 mo after esophagectomy (arrow).

A CB

Figure 2  Imaging findings before bronchial arterial embolization. A: Bronchoscopy revealed hemosputum in the entrance of the right middle lobe bronchus (yellow 
arrow) extending down to the lower lobe bronchus (green arrow); B, C: Computed tomography and chest radiography revealed a massive infiltrative shadow in the 
right middle lobe with atelectasis in the right lower lobe.
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right middle lobectomy was performed via video-
assisted thoracic surgery (VATS). With respect to the 
intraoperative findings, the presence of a BA arising 
from the right inferior phrenic artery was confirmed; 
the vessel was black in color as a result of the first 
BAE procedure (Figure 4A). Although a few engorged 
right BAs streaming into the right middle lobe were 
dissected at the level of bifurcation of the middle lobe 
bronchus (Figure 4B), it was difficult to detect the root 
of the dissected arteries. In addition, whitish pleural 

ectopic BAs arising from the left subclavian artery 
was also performed (Figure 3D), CT conducted after 
the second BAE procedure revealed that the arterial 
blood supply to the right middle lobe bronchus was 
decreased but not completely blocked. Because we 
posited that performing additional embolization of the 
ectopic vessels would be difficult due to the tortuosity 
and fragility of the vessels, we planned to perform 
surgical resection after the patient’s hemodynamic 
parameters stabilized. On the ninth day after admission, 
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Figure 3  Computed tomography arteriography. A: Computed tomography (CT) arteriography revealed a tortuous artery ascending from the right inferior phrenic 
artery that arose directly from the aorta (arrows); B: CT arteriography demonstrated several tortuous arteries arising from the left subclavian artery that descended 
obliquely along the right main bronchus (arrows); C: A collateral right bronchial artery (BA) arising from the inferior phrenic artery. Right inferior phrenic arteriography 
showed an abnormal tortuous artery (arrows); D: Ectopic BAs arising from the left subclavian artery. Left subclavian arteriography showed abnormal tortuous arteries 
arising from a root of the left subclavian artery (arrows).

Figure 4  Intraoperative findings. A: The presence of a collateral bronchial artery (BA) arising from the right inferior phrenic artery running along the phrenic nerve 
(green arrowheads) was confirmed; the tissue was black in color due to the first bronchial arterial embolization procedure (yellow arrowheads). B: Engorged right BAs 
streaming into the right middle lobe were dissected at the level of bifurcation of the middle lobe bronchus (arrows). UL: Upper lobe; ML: Middle lobe; LL: Lower lobe; 
Br: Middle lobe bronchus; PA: Pulmonary artery; PV: Pulmonary vein.

A B

ML
LL UL ML

Br

PV
(V4, V5 stump)

PA
(A5 stump)
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thickening of the right middle and lower lobes was 
significant. Grossly, an ill-demarcated whitish area 
with a brownish tint was observed on the cut surface 
of the resected lung (Figure 5A). Histopathologically, 
organizing pneumonia with the accumulation of 
hemosiderin-laden macrophages was detected (Figure 
5B). The bronchus was enlarged, and engorged BAs 
with medial hypertrophy and overgrowth of small 
branches were also noted near the bronchus, although 
the bleeding origin was not identified (Figure 5C). The 
patient recovered uneventfully, with the absence of 
recurrent hemoptysis, and was discharged from our 
hospital on postoperative day 14. At the time of this 
writing, he has been doing well for four months, with 
no evidence of recurrence or hemoptysis.

DISCUSSION
With respect to the major clinical conditions and/or 
complications inducing hemoptysis after esophagectomy 
for esophageal carcinoma, surgeons should consider 
the possibility of locoregional recurrence and aorto-
bronchial[3,4] or gastro-tracheobronchial[5,6] fistula 
formation. We performed a search of PubMed using the 
following key words: “hemoptysis/bronchial bleeding/
respiratory tract hemorrhage after esophagectomy”. 
Fistula formation after esophagectomy is an uncommon 
and invariably life-threatening complication if left 
untreated. Only a few cases of aorto-bronchial fistulas 

after esophagectomy have been reported worldwide in 
the published literature to date; among the two cases 
identified in PubMed, gastric tube reconstruction was 
performed via the retrosternal or posterior mediastinal 
route, and both fistulas were detected between the left 
main bronchus and descending aorta[3,4]. In contrast, 
several cases of gastro-tracheobronchial fistulas after 
esophagectomy have been reported, and tumor 
recurrence, erosion injury, and radiation necrosis are 
considered common causes of the late development 
of these fistulas[5,6]. In the present case, these three 
conditions were excluded because no protruding/
occupied lesions or either fistula type were observed 
on CT, BAE, or bronchoscopy. In addition, the stage of 
disease (IA, pT1bN0M0), the presence of bleeding from 
the peripheral bronchus suspicious on bronchoscopy, 
and the lack of ulceration necrosis or erosion in the 
gastric conduit on follow-up gastrointestinal endoscopy 
supported the exclusion of these clinical conditions. 

Based on the intraoperative and pathological 
findings observed in this case, we judged that the 
causative vessels of the patient’s hemoptysis were 
the tortuous and engorged arteries arising from the 
left subclavian artery along the right main bronchus. 
Retrospectively, orthotopic bilateral BAs originating 
from the descending aorta at the level of the sixth 
thoracic vertebra (T6) were detected on contrast-
enhanced CT prior to esophagectomy, whereas the 
ectopic/collateral arteries arising from the right phrenic 
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Figure 5  Gross and histopathological findings of the resected specimen. A: An ill-demarcated whitish area with a brownish tint was noted on the cut surface of 
the resected lung (arrows). Macroscopically, the bleeding origin was not detected; B: Organizing pneumonia with the accumulation of hemosiderin-laden macrophages 
was observed [Elastica van Gieson stain (EVG), magnification × 24]; C: The bronchus was enlarged, and engorged bronchial artery with medial hypertrophy and 
overgrowth of small branches were identified near the bronchus (arrows) (EVG, magnification × 24). Br: Bronchus; PA: Pulmonary artery.
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artery and left subclavian artery were not. However, 
it was difficult to precisely evaluate the presence of 
the ectopic/collateral arteries preoperatively because 
multiphase contrast-enhanced CT is not routinely 
performed. According to previous studies, ectopic BAs 
are defined as arteries originating outside the level 
of T5-T6 of the thoracic aorta[1,7,8]. Ectopic BAs, which 
extend along the course of the major bronchus, can 
be distinguished from collateral arteries arising from 
the non-bronchial systemic arteries that enter the lung 
parenchyma via the pulmonary ligament or adherent 
pleura and exhibit a course that is not parallel to the 
bronchus[1,7]. Additionally, some studies have reported 
that chronic inflammation of the lungs is associated 
with engorgement of the BAs[9,10] in which the collateral 
blood supply from non-bronchial systemic arteries is 
vascularized and recruited under conditions of chronic 
inflammation and may arise from branches of the 
subclavian, axillary, or internal mammary arteries, 
as well as infradiaphragmatic branches from the 
inferior phrenic and left gastric arteries[1,11]. In the 
present case, it was more appropriate to consider the 
engorged BAs arising from the left subclavian artery to 
be inherent, having developed after esophagectomy 
rather than being completely vascularized, due to the 
dissection of the orthotopic right BAs during radical 
lymphadenectomy and the effects of postoperative 
recurrent aspiration pneumonia. These BAs may have 
been classified as ectopic BAs because they extended 
along the course of the right main bronchus[1,7]. 
Alternatively, the tortuous right BA arising from the 
right inferior phrenic artery may have been classified 
as a collateral artery arising from non-bronchial 
systemic arteries because CT detected this artery 
extending along the pleural surface[1,7]. The frequency 
of ectopic BAs arising from the subclavian and inferior 
phrenic arteries is reported to be 10%-13% of all 
ectopic BAs detected on CT angiograms[12,13].

The mechanism underlying the persistent pneumonia 
in the right middle lobe observed in this case is thought 
to be similar to that underlying middle lobe syndrome. 
This syndrome is characterized by the recurrent or 
chronic collapse of the right middle lobe and can 
be classified into obstructive and non-obstructive 
types[14-16]. Although the etiology of the non-obstructive 
type has not been fully elucidated, inefficient collateral 
ventilation, infection, and inflammation are considered 
to play key roles. Pathophysiologically, the long length 
and narrow diameter of the middle lobe bronchus can 
result in poor conditions for drainage[17]. Additionally, 
collateral ventilation is often prevented by the 
presence of deep fissures of the middle lobe with few 
parenchymal connections[18]. In the present case, these 
anatomical characteristics may also have contributed 
to the persistence of pneumonia of the right middle 
lobe, whereas consolidation of the right lower lobe was 
resolved (Figure 1C). 

Furthermore, this case could be diagnosed as 
secondary racemose hemangioma of BA as these cases 

have been reported in Japan. Such cases are diagnosed 
by the existence of remarkably tortuous, enhancing, 
and meandering BAs[19]. Hyperplastic changes that 
develop after inflammation, such as bronchiectasis, 
bronchitis, and pneumonia, are classified as secondary 
racemose hemangioma[20]. However, in this case, 
the definitive diagnosis was difficult to obtain due to 
the lack of clarity of the diagnostic criteria. Although 
this case could be clinically classified as secondary 
racemose hemangioma of BA, the hemangioma was 
also considered to have developed from postoperative 
recurrent pneumonia, as previously discussed.

BAE has recently become a well-established, 
effective treatment for controlling recurrent or massive 
hemoptysis in patients with various pulmonary 
diseases[21]. Hayakawa et al[22] reported a high rate 
of hemoptysis control and high cumulative survival 
rate among patients with hemoptysis treated with 
BAE. However, Chun et al[1] reported that recurrent 
hemoptysis is not uncommon, occurring in 10%-55.3% 
of cases, although immediate control of hemoptysis 
is achieved in 73%-99% of treated patients. In 
addition, several authors have demonstrated that 
achieving embolization of ectopic BAs is more difficult 
than that of non-ectopic BAs, and that the complexity 
of performing selective and definite catheterization 
explains the increased risk of major complications 
observed in this patient population[7,23]. In the current 
case, BAE failed to control the patient’s hemoptysis due 
to incomplete embolization of several ectopic BAs, and 
surgical resection was eventually required. Although 
pulmonary resection for hemoptysis is known to carry 
an increased risk of death and morbidity due to pre-
existing comorbidities and a poor respiratory reserve, 
particularly in the acute phase[19,24], we propose 
the use of early lobectomy soon after the patient’
s hemodynamic parameters stabilize following failed 
BAE as a treatment option, even in cases of recurrent 
hemoptysis after esophagectomy. Furthermore, the 
use of lobectomy via VATS contributes to a shortened 
postoperative hospital stay due to the reduced 
invasiveness of the procedure in patients with poor 
respiratory function.

We recognize that our discussion includes various 
limitations. First, there was no evidence suggesting 
the precise mechanism of the ectopic/collateral BA 
development in this case. Second, we did not prove, 
in the resected specimen, that the hemoptysis was 
induced by rupture of one of the ectopic/collateral BAs, 
although we surmise that the ectopic BAs originating 
from the left subclavian artery were responsible 
based on the patient’s clinical course. However, 
we consider the patient’s bronchial bleeding and 
postoperative recurrent pneumonia to be associated 
because engorged BAs with medial hypertrophy and 
overgrowth of small branches were easily identified 
by histology as being localized near the bronchus 
and because postoperative recurrent pneumonia was 
persistently detected in the middle lobe.
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In conclusion, to the best of our knowledge, this is 
the first case report of bronchial bleeding suspected 
to have derived from the ectopic/collateral bronchial 
arteries after radical esophagectomy with three-
field lymphadenectomy for esophageal carcinoma. 
We propose the use of early lobectomy soon after 
the patient’s hemodynamic parameters stabilize 
following failed BAE as a treatment option, even in 
cases of recurrent hemoptysis after esophagectomy. 
We strongly believe that the present patient’s clinical 
course after esophagectomy for esophageal carcinoma 
is significant, particularly with respect to postoperative 
recurrent pneumonia due to bilateral recurrent 
laryngeal nerve injury.

COMMENTS
Case characteristics
The patient presented with sudden and recurrent hemoptysis 19 mo after 
esophagectomy.
Clinical diagnosis
The authors reported a rare case of bronchial bleeding suspected to have 
arisen from the ectopic/collateral bronchial arteries after radical esophagectomy 
for esophageal carcinoma with bilateral recurrent laryngeal nerve injury.
Differential diagnosis
Locoregional recurrence and aorto-bronchial or gastro-tracheobronchial fistula 
formation should be considered as potential causes of bronchial bleeding after 
esophagectomy for esophageal carcinoma.
Laboratory diagnosis
The hemoglobin level was 8.8 g/dL, and the C-reactive protein level was 
elevated to 16.1 mg/dL, whereas tumor markers, such as carcinoembryonic 
antigen, squamous cell carcinoma antigen, and carbohydrate antigen 19-9, 
were all within normal limits.
Imaging diagnosis
Bronchoscopy revealed a small level of hemosputum in the entrance of the right 
middle lobe bronchus, and contrast-enhanced computed tomography showed a 
tortuous artery ascending from the right inferior phrenic artery as well as several 
tortuous arteries arising from the left subclavian artery, which descended along 
the right main bronchus.
Pathological diagnosis
Organizing pneumonia with the accumulation of hemosiderin-laden 
macrophages was detected, and engorged bronchial artery (BA) with medial 
hypertrophy and overgrowth of small branches were noted near the bronchus. 
Treatment
Right middle lobectomy was performed via video-assisted thoracic surgery.
Related reports
Chun et al demonstrated that chronic inflammation causes recruitment of a 
collateral blood supply from nonbronchial arteries. However, there are no other 
reports of bronchial bleeding suspected to arise from the ectopic/collateral 
bronchial arteries after esophagectomy with bilateral recurrent laryngeal nerve 
injury.
Term explanation 
Middle lobe syndrome is characterized by chronic collapse of the middle lobe, 
which is more common in females; chronic productive cough and recurrent 
infections were the most common symptoms. 
Experiences and lessons
When encountering a patient with hemoptysis after esophagectomy, the 
possibility of bronchial bleeding from ectopic/collateral BAs must be considered, 
especially in cases of postoperative recurrent pneumonia due to bilateral 
recurrent laryngeal nerve injury.
Peer-review
This case report described the significant clinical course after esophagectomy 
for esophageal carcinoma. However, a limitation of the report is that there 
was no evidence indicating the precise mechanism for ectopic/collateral BA 

developments. 
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Abstract
Although endoscopic ultrasound (EUS)-guided drainage 
has become the standard procedure for pancreatic 
pseudocysts in recent years and is generally regarded 
as a safe and effective method, there have been 
few reports of EUS-guided drainage of postoperative 
intra-abdominal abscesses. Here we report our 
experience with 4 cases of postoperative intra-

abdominal abscesses for which EUS-guided drainage 
was performed between May 2011 and May 2014. 
Distal pancreatectomy had been performed in 3 cases, 
whereas low anterior resection for rectal cancer was 
performed in the remaining case. All patients underwent 
transgastric naso-cystic drainage, which resulted in 
clinical improvement without complications, even when 
performed within 4 wk after surgery. On average, the 
naso-cystic drain was removed 10 d after placement, 
with no abscess recurrence. Based on these findings, we 
believe that EUS-guided drainage of postoperative intra-
abdominal abscesses is a safe and effective method, 
although further large-scale investigations are required 
to confirm our findings.

Key words: Postoperative intra-abdominal abscess; 
Endoscopic ultrasonography; Endoscopic ultrasound-
guided drainage; Transgastric drainage; Naso-cystic 
drainage
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Core tip: There have been few reports of endoscopic 
ultrasound (EUS)-guided drainage of postoperative 
intra-abdominal abscesses, although EUS-guided 
drainage has become the standard procedure for 
pancreatic pseudocysts in recent years. Here we report 
our experience with 4 cases. Transgastric naso-cystic 
drainage was performed for all patients and resulted in 
clinical improvement without complications, even when 
performed within 4 wk after surgery. On average, the 
naso-cystic drain was removed 10 d after placement, 
with no abscess recurrence. We believe that EUS-
guided drainage of postoperative intra-abdominal 
abscesses is a safe and effective method, although 
further large-scale investigations are required to 
confirm our findings.
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INTRODUCTION
Traditionally, postoperative intra-abdominal abscesses 
have been managed by percutaneous or surgical 
drainage. Image-guided percutaneous drainage is 
reported to be a minimally invasive and effective 
method[1]. 

Although endoscopic ultrasound (EUS)-guided 
drainage for pancreatic pseudocysts is regarded 
as a safe and effective standard method[2-7], there 
have been few reports of EUS-guided drainage of 
postoperative intra-abdominal abscesses[8,9].

Herein, we examined 4 cases of EUS-guided 
drainage of postoperative intra-abdominal abscesses 
performed at our institution to evaluate the safety and 
efficacy of this procedure.

CASE REPORT
Between May 2011 and May 2014, we experienced 
4 cases of postoperative intra-abdominal abscesses 
for which EUS-guided drainage was performed. The 
indication of EUS-guided drainage was limited to cases 
in which adhesion of the abscess and digestive wall 
was highly suspected on computed tomography (CT). 

All procedures were performed using a convex-
type echoendoscope (GE-UC2000P or GF-UCT260; 
Olympus Medical Systems, Tokyo, Japan). A 19-gauge 
needle (EchoTip; Cook Medical, Winston-Salem, NC, 
United States or Expect; Boston Scientific Japan, 
Tokyo, Japan, or SonoTip; Medi-Globe, Rosenheim, 
Germany) was used to puncture the abscess. The fluid 
content was aspirated, and a sample of the aspirate 
was sent for Gram staining and culture. Subsequently, 
a small dose of contrast agent was injected, and a 
0.025-inch guidewire (VisiGlide; Olympus Medical 
Systems) was introduced through the needle and 
coiled into the abscess under fluoroscopic guidance. 
In cases of only naso-cystic drainage, the fistula was 
dilated using a 7-Fr dilation catheter (Soehendra 
Biliary Dilation Catheter; Cook Medical), and a 6-Fr 
pigtail nasal biliary catheter (nasal biliary drainage 
set; Cook Medical) was subsequently placed. In cases 
of both naso-cystic and internal drainage, the fistula 
was dilated using a 7-Fr dilation catheter (Soehendra 
Biliary Dilation Catheter; Cook Medical) and a balloon 
catheter (Maxforce TTS biliary balloon dilator, 6 
mm; Boston Scientific Japan). Next, two 0.025-inch 
guidewires (VisiGlide; Olympus Medical Systems) were 
placed in the abscess using a double lumen catheter 
(Uneven Double Lumen Catheter; PIOLAX, Kanagawa, 

Japan), and a 6-Fr pigtail nasal biliary catheter (nasal 
biliary drainage set; Cook Medical) and 7-Fr double 
pigtail biliary stent (Zimmon Biliary Stent; Cook 
Medical) were subsequently placed. The naso-cystic 
drainage catheter was irrigated once daily with 10-20 
mL of sterile saline in all patients. Characteristics of the 
4 cases are summarized in Table 1.

Case 1
A 60-year-old woman underwent laparoscopic low 
anterior resection for rectal cancer. She developed 
a high fever after surgery, and CT revealed fluid 
collection around the anastomotic intestine and in 
the subdiaphragmatic area. We diagnosed this fluid 
collection as an abscess, and surgical drainage was 
consequently performed on postoperative day 17. 
Although the drain was removed and the patient was 
discharged on postoperative day 44, she was readmitted 
for high fever on postoperative day 64. CT revealed 
an encapsulated fluid collection (maximum axis, 61 
mm) in the left subdiaphragmatic area close to the 
fornix of the stomach (Figure 1A). We again diagnosed 
this fluid collection as an abscess; and, as antibiotic 
administration did not improve the patient’s condition, 
EUS-guided transgastric drainage was performed, 
and a 6-Fr pigtail nasal biliary catheter was placed on 
postoperative day 69 (Figure 1B, C). Gram staining 
and culture of a sample of the aspirate confirmed 
extended-spectrum beta lactamase (ESBL)-producing 
Escherichia coli, Enterococcus, and anaerobic bacteria. 
Antibiotics were administered until postoperative day 
74, and CT on postoperative day 75 showed that the 
abscess had decreased in size (Figure 1D). The nasal 
biliary catheter was removed on postoperative day 80. 
The patient was discharged on postoperative day 99. 
At the latest follow-up (3 years after discharge), no 
abscess recurrence was noted.

Case 2
A 46-year-old woman underwent distal pancreatectomy 
for a mucinous cystic neoplasm of the pancreas. She 
developed high fever on postoperative day 24, and CT 
revealed irregular fluid collection (maximum axis, 54 
mm) around the resection stump of the pancreas close 
to the gastric wall (Figure 2A). The fluid collection 
was diagnosed as an abscess; and, accordingly, EUS-
guided transgastric drainage was performed and 
a 6-Fr pigtail nasal biliary catheter was placed on 
postoperative day 26 (Figure 2B-D). Gram staining 
and culture of a sample of the aspirate confirmed 
methicillin-resistant Staphylococcus aureus (MRSA). 
CT on postoperative day 37 showed that the abscess 
had decreased in size (Figure 2E), and the nasal biliary 
catheter was removed on the same day. Antibiotics 
were administered until postoperative day 38. The 
patient was discharged on postoperative day 40. At the 
latest follow-up (2 years after discharge), no abscess 
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recurrence was observed.

Case 3
A 74-year-old man underwent distal pancreatectomy 
for pancreatic ductal adenocarcinoma. He developed 
high fever on postoperative day 9, and CT revealed 
fluid collection (maximum axis, 62 mm) around the 
resection stump of the pancreas close to the gastric 
wall (Figure 3A). We diagnosed this fluid collection 
as an abscess, and EUS-guided transgastric drainage 
was performed and a 7-Fr double pigtail stent was 
placed on postoperative day 10 (Figure 3B). Gram 

staining and culture of a sample of the aspirate 
confirmed methicillin-susceptible Staphylococcus 
aureus (MSSA), and antibiotics were administered 
until postoperative day 15. However, the patient 
developed high fever after drainage, and CT on 
postoperative day 17 revealed another fluid collection 
(maximum axis, 66 mm) at the left side of the 
previously drained abscess (Figure 3C). EUS-guided 
transgastric drainage was performed again, and 
a 6-Fr pigtail nasal biliary catheter was placed on 
postoperative day 21 (Figure 3D, E). Gram staining 
and culture of a sample of the aspirate again 
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Table 1  Patient characteristics

Case Age (yr)/
sex

Primary 
disease

Surgical procedure Abscess size 
(mm)

Primary 
treatment for 

abscess

EUS-D 
route

Time to 
EUS-D (d)

EUS-D 
modality

Drainage 
length (d)

Complications/
abscess 

recurrence

1 60/F Rectal cancer Low anterior 
rectal resection

61 × 55 Surgical 
drainage

TG 69 p.o. 6-Fr NB 11 None

2 46/F MCN Distal 
pancreatectomy

54 × 33 None TG 26 p.o. 6-Fr NB 11 None

3 74/M PDAC Distal 
pancreatectomy

62 × 35 None TG 10 p.o. 7-Fr stent 20 None
66 × 42 None TG 21 p.o. 6-Fr NB   8 None

4 69/M IPMN Distal 
pancreatectomy

70 × 45 Percutaneous 
drainage

TG 18 p.o. 7-Fr stent, 
6-Fr NB

7-Fr stent: no 
removal

6-Fr NB: 10
per-cutaneous: 

24

None

EUS-D: Endoscopic ultrasound-guided drainage; TG: Transgastric; p.o.: Postoperative day; MCN: Mucinous cystic neoplasm; NB: Nasal biliary catheter; 
PDAC: Pancreatic ductal adenocarcinoma; IPMN: Intraductal papillary mucinous neoplasm.

Figure 1  Case 1. A: Computed tomography (CT) reveals an encapsulated fluid collection in the left subdiaphragmatic area close to the fornix of the stomach; B and 
C: Fluoroscopy image showing the guidewire inserted into the fluid collection under endoscopic ultrasound (EUS)-guidance and placement of a 6-Fr nasal biliary 
catheter; D: Six days after EUS-guided drainage, CT reveals that the drain was placed and that the fluid collection decreased.

A B

C D
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guided percutaneous drainage was performed on the 
same day. However, the high fever persisted after 
drainage, and EUS-guided transgastric drainage was 
consequently performed together with placement 
of a 7-Fr double pigtail stent and a 6-Fr pigtail nasal 
biliary catheter on postoperative day 18 (Figure 
4B-D). Gram staining and culture of a sample of 
the aspirate revealed Enterococcus, and antibiotics 
were administered until postoperative day 21. CT on 
postoperative day 28 showed that the abscess had 
decreased in size (Figure 4E), and the nasal biliary 
catheter and the percutaneous drain were removed 
on postoperative days 28 and 33, respectively. The 
7-Fr double pigtail stent was not removed, and the 
patient was discharged on postoperative day 36. At 
the latest follow-up (6 mo after discharge), no abscess 
recurrence was noted.

confirmed MSSA, and antibiotics were administered 
until postoperative day 24. CT on postoperative day 
28 showed that the abscess had decreased in size 
(Figure 3F), and the nasal biliary catheter and the 7-Fr 
double pigtail stent were removed on postoperative days 
29 and 30, respectively. The patient was discharged on 
postoperative day 32. At the latest follow-up (1 year after 
discharge), no abscess recurrence was observed.

Case 4
A 69-year-old man underwent distal pancreatectomy 
for intraductal papillary mucinous neoplasm of the 
pancreas. He developed high fever on postoperative 
day 9, and CT revealed a fluid collection (maximum 
axis, 70 mm) at the dorsal side of the fornix close to 
the gastric wall (Figure 4A). We diagnosed this fluid 
collection as an abscess, and conventional ultrasound-

Figure 2  Case 2. A: Computed tomography (CT) reveals irregular fluid collection around the resection stump of the pancreas at the dorsal side of the stomach; 
B: Endoscopic ultrasound (EUS) reveals an irregular and cloudy fluid collection close to the gastric wall; C and D: Fluoroscopy image showing the dilation catheter 
inserted over the guidewire and placement of a 6-Fr nasal biliary catheter; E: Eleven days after EUS-guided drainage, CT reveals that the fluid collection decreased.
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Figure 3  Case 3. A: Computed tomography (CT) reveals fluid collection around the resection stump of the pancreas; B: Fluoroscopy image showing the dilation 
catheter inserted over the guidewire; C: Seven days after endoscopic ultrasound (EUS)-guided internal drainage, CT reveals another fluid collection on the left side of 
the previously drained abscess; D and E: Fluoroscopy image showing the placement of the 7-Fr double pigtail stent and insertion of the dilation catheter into the new 
abscess. Moreover, a 6-Fr nasal biliary catheter was placed; F: Seven days after EUS-guided naso-cystic drainage, CT reveals that the fluid collection decreased.

A B C

D E F

Figure 4  Case 4. A: Computed tomography (CT) reveals fluid collection at the dorsal side of the fornix close to the gastric wall; B: Endoscopic ultrasound (EUS) 
showing the fluid collection, which was punctured by a 19-gauge needle; C and D: Fluoroscopy image showing placement of the percutaneous drain and insertion of 
the 6-mm balloon catheter over the guidewire. Both a 7-Fr double pigtail stent and a 6-Fr nasal biliary catheter are placed; E: Ten days after EUS-guided drainage, CT 
reveals that the fluid collection decreased.

A B

C D E
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COMMENTS
Case characteristics
The 4 patients (2 male, 2 female) developed high fever after abdominal surgery 
(pancreatectomy or low anterior resection for rectal cancer).
Clinical diagnosis
In addition to high fever, all patients had general fatigue.
Differential diagnosis
Postoperative intra-abdominal fluid collection was performed to diagnose 
infection. 
Laboratory diagnosis
Gram staining and culture of samples of collected fluid confirmed extended-
spectrum beta lactamase-producing Escherichia coli, Enterococcus, and 
anaerobic bacteria in the first patient, methicillin-resistant Staphylococcus 
aureus in the second patient, methicillin-susceptible Staphylococcus aureus in 
the third patient, and Enterococcus in the fourth patient.
Imaging diagnosis
Computed tomography revealed fluid collection close to the gastric wall in all 4 
patients.
Pathological diagnosis
Pathological examination of the fluid collection was not performed in any of the 
patients. 
Treatment
All 4 patients underwent endoscopic ultrasound (EUS)-guided transgastric 
naso-cystic drainage, and in 2 of the 4 patients, internal drainage was also 
performed.
Related reports
Earlier reports state that EUS-guided drainage of postoperative peripancreatic 
fluid collections is safe and effective, and we believe that this case report adds 
our findings that early EUS-guided transgastric drainage within 4 wk of surgery 
is also safe and effective.
Term explanation 
Naso-cystic drainage describes a method of external drainage via the nose.
Experiences and lessons
This case report presents data showing that early EUS-guided drainage within 4 
wk of surgery for postoperative intra-abdominal abscesses is safe and effective.
Peer-review
This is a well-written case report of a novel application of therapeutic EUS. 
Although 3 of 4 cases death with post-pancreatic surgery fluid collections, the 
4th case is the first to report drainage of an abscess by EUS after colorectal 
surgery.
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DISCUSSION
Image-guided percutaneous drainage has been 
performed for postoperative intra-abdominal abscesses 
as a minimally invasive method. Azeem et al[10] 
reported that endoscopic drainage with or without 
EUS was as effective as percutaneous drainage in 
patients with pancreatic fluid collection after distal 
pancreatectomy, and that primary endoscopic 
drainage may be associated with a shorter hospital 
stay. Although their report suggested the importance 
of endoscopic drainage of pancreatic fluid collection 
after pancreatic resection, to our knowledge, there 
have been no reports comparing the outcomes of 
EUS-guided drainage and image-guided percutaneous 
drainage for the treatment of postoperative intra-
abdominal abscesses.

In this study, EUS-guided transgastric drainage 
for postoperative intra-abdominal abscesses was 
performed in all 4 patients and resulted in clinical 
improvement in all cases. Furthermore, naso-cystic 
drainage was performed within 4 wk of surgery in 3 of 
the 4 patients, with no complications in any patient, 
suggesting that early EUS-guided drainage after 
surgery is safe. Similarly, Tilara et al[8] also reported 
that early drainage (within 30 d after surgery) of 
postoperative pancreatic fluid collections was not 
associated with an increased risk of complications.

In all 4 of our cases, naso-cystic drainage was 
performed. The naso-cystic drain was removed on day 
11 after placement in cases 1 and 2, day 8 in Case 
3, and day 10 in Case 4 (mean, day 10 after naso-
cystic drainage), and there was no recurrence of the 
abscess after naso-cystic drain removal in any case. 
Taken together, these outcomes suggest the efficacy 
of naso-cystic drainage, but further investigations are 
required to confirm these results and to determine 
whether naso-cystic drainage alone is effective, as 
internal drainage and percutaneous drainage were 
also performed before naso-cystic drainage in Cases 
3 and 4, respectively. Furthermore, the necessity of 
internal drainage stent removal and the appropriate 
time of stent removal should be investigated in cases 
of both naso-cystic and internal drainage. Several 
recent studies of EUS-guided drainage of pancreatic 
pseudocysts recommend both internal and naso-cystic 
drain placement by first using the double guidewire 
technique, followed by naso-cystic drain removal after 
improvement of infection[3,6]; however, there is no 
consensus regarding the optimal drainage method and 
time for drain removal. 

Thus, based on our present cases, we believe that 
EUS-guided drainage of postoperative intra-abdominal 
abscesses is a safe and effective method; however, 
further large-scale investigations are required to 
confirm our findings.
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Abstract
Gastric adenocarcinoma is quite rare in children and 
as a result very little experience has been reported on 
with regards to clinical presentation, treatment and 
outcome. We describe the case of a 16-year-old boy 
presenting with abdominal fullness and poor appetite 
for 7 d. Sonography showed massive ascites and 
computed tomography imaging revealed the presence 
of gastric mucosa thickness with omentum caking. 
The diagnosis of gastric adenocarcinoma was biopsy-
proven endoscopically. Despite gastric adenocarcinoma 
being quite rare in the pediatric patient population, 
we should not overlook the possibility of gastric 
adenocarcinoma when a child presents with distended 
abdomen and massive ascites.

Key words: Gastric adenocarcinoma; Ascites; Children
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Core tip: Gastric adenocarcinoma is rare in pediatric 
patient. It should be suspected in a child with gastric 
ulcers and massive ascites. Upper gastrointestinal 
endoscopy and endoscopic biopsies are crucial in 
children with vague gastrointestinal symptoms and 
massive ascites in whom CT fails to demonstrate the 
primary site of the malignancy.
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gastric cancer presenting with massive ascites. World J 
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Primary gastric adenocarcinoma is a rare cancer 
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in children, and occurs in 0.05% of all childhood 
cancers[1]. The initial clinical presentations were 
mostly nonspecific abdominal symptoms, such as 
dyspepsia, epigastric pain, nausea/vomiting, weight 
loss, and gastrointestinal bleeding. The etiology of 
gastric adenocarcinoma in adults could be related 
to lifestyle factors or infectious factors[2]. However, 
the role of these factors in children is unknown. The 
prognosis for the gastric adenocarcinoma in children 
is very poor, with a median survival time of 5 mo 
and average survival time of 7.5 mo[3], and relatively 
little information exists regarding the 5-year disease-
free survival rate for children[3-5]. Because of its rarity, 
the diagnosis and treatment in a pediatric population 
with gastric adenocarcinoma remains challenging. 
Herein we describe a 16-year-old boy with gastric 
adenocarcinoma who presented with abdominal 
fullness with massive ascites.

CASE REPORT
A 16-year-old boy presented with abdominal fullness 
and poor appetite for one week. It took approximately 
2 wk from initial symptom occurrence to patient 
hospitalization. A body weight loss of 8 kilograms 
was noted initially. The diet habits of the patient were 
standard without any obvious personal favorites 
regarding food. The patient also had the social habit 
of smoking with a consumption of 1 pack of cigarettes 
every 3 d for about 1 year. His family history showed 
gastric cancer in his grandfather, who died at the age 
of 51 years. The physical examination show distended 
abdominal wall with dull on percussion, and epigastric 
local tenderness. Neck lymph nodes were enlarged on 
level V. No resistance and no enlargement of liver or 
spleen were noted.

Laboratory investigations revealed normal results 
except for mild leukocytosis (11.19 × 1000/μL, normal 
range: 3.99-10.39 × 1000/μL) with predominant 
neutrophil (80.4%, normal range: 40%-74%) and 
decreased lactate dehydrogenase (LDH) level (90 U/L, 

normal range: 98-192 U/L). The level of tumor marker 
was significantly increased in CA125 (109.1 U/mL, normal 
range: < 35 U/mL) but was normal in CEA (0.51 ng/mL, 
normal range: < 5 ng/mL) and CA199 (6.8 U/mL, normal 
range: < 35 U/mL).

Abdominal sonography confirmed massive ascites. 
Abdominal computed tomography (CT) scan revealed 
massive ascites, gastric mucosa thickness, and caking 
omentum (Figure 1). The gastroscopy revealed a 
large bizarre gastric ulcer (A2) (4 cm × 4 cm in size) 
which appeared as a snake skin with multiple nodular 
appearance over peri-antrum area (Figure 2). Four 
biopsy specimens were obtained on the margin of 
the ulcers during histological examination, and poorly 
differentiated adenocarcinoma with the presence of 
signet ring cells was observed (Figure 3). Helicobacter 
pylori (H. pylori) were also detected in the patient’s 
biopsy tissue specimens (Figure 4).

Study of the ascites showed RBC count: 4000/μL, 
and WBC count: 10707/μL with neutrophil 89% and 
biochemistry revealed glucose: 97 mg/dL, LDH: 288 
U/L, total protein: 4.2 g/dL, albumin: 2.9 g/dL (normal 
range: 3.8-5.3 g/dL). The cytology of ascites from 
abdominal tapping reported malignant cells.  The 
genetic work-up for our patient was all shown to be 
normal.

The ascites study revealed many tumor nests, which 
were all negative for CD45, CD3, CD19, CD20, CD33, 
myeloperoxidase and TdT in the immunohistochemical 
study. These results indicated that lymphoma was not 
likely.

The infectious factor of Helicobacter bacilli was 
evident in pathology from gastric biopsy. However, 
the EBV DNA PCR study was negative (< 600 copies). 
Hepatitis was excluded as both HBsAg and HCV 
antibody were negative.

No local radiotherapy or surgery was planned because 
of extensive metastatic disease (the TNM staging was 
T4N × M1, Ⅳ); the patient was placed on steroid as 
dexamethasone phosphate and a chemotherapy regimen 
of oxaliplatin and capecitabine. The patient died 10 mo 
after diagnosis.

DISCUSSION
Gastric adenocarcinoma is primarily a disease that 
impacts older individuals, and is generally rare in 
individuals under the age of 30 years, and even rarer in 
the children[6-8]. The presentation and biologic behavior 
of primary gastric adenocarcinoma in children are 
similar to those seen in adults. However, the etiology 
of pediatric gastric cancer is more unclear and may be 
associated with gene mutations[9], the incidence is very 
rare, the management is not well-established, and is 
associated with very poor outcome. In a review of the 
related literature, Sasaki et al[3] previously reported 22 
cases of primary gastric adenocarcinoma under the age 
of 21 years, and Lu et al[8] recently reported 16 cases 
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Figure 1  Massive ascites, gastric mucosa thickness, and caking omentum 
are shown by arrows on the coronal view of abdominal computed 
tomography.
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with gastric cancer under the age of 18 years[8]. Of 
these 39 cases, only 2 patients survived over 2 years 
(102 mo and 30 mo, respectively), which demonstrated 
that primary gastric adenocarcinoma during childhood 
is strongly associated with a very poor clinical outcome 
as compared to adults. This is possibly because of its 
rarity and nonspecific presentation results in a failure 
to consider potential malignancy and thus contributes 
to a delay in diagnosis, and as a result, few cases of 
appropriate clinical treatment.

The most common presentations in pediatric gastric 
adenocarcinoma are abdominal pain and vomiting, 
which may mimic other disease of acute abdomen[10,11]. 
Others symptoms include, hematemesis, melena and 
weight loss. In general, pediatric physician would not 
routinely do more invasive examination technique 
on pediatric patient with nonspecific presentation. 
Therefore, early gastric cancer is rare on children, and 
almost pediatric gastric adenocarcinoma was diagnosed 
as terminal stage, which quite different from adult. 
Our patient complained of abdominal fullness for one 
week, and massive ascites were found by sonography. 
The major causes of ascites in pediatric patients are 
related to diseases of the liver and kidney. However, 
ascites can also result from heart disease, malignancy, 

peritonitis, eosinophilic gastroenteritis and pancreatitis. 
The upper gastrointestinal endoscopy was performed 
on our patient because of gastric mucosa thickness with 
caking omentum seen by CT, and a pathologic result of 
gastric adenocarcinoma was proven by biopsy. Although 
ascites due to peritoneal tumor seeding and metastasis 
are well-known symptoms in adult patients with gastric 
cancer, they are not frequently encountered in children. 
According Lu et al[8] in a review of 16 cases of pediatric 
gastric adenocarcinoma, only one patient presented 
with abdominal fullness. In this case, the importance of 
gastroscopy for prompt diagnosis in pediatric patients 
with ascites is emphasized[2,12,13].

The most important risk factor of pediatric adeno-
carcinoma is H. pylori infection, which can cause 
chronic active inflammation in the gastric mucosa; and 
furthermore, gastric atrophy can develop predominantly 
in the antrum[1,4,14]. Pediatric patient got H. pylori infection 
at a very early age has been related to a much higher 
gastric cancer risk, especially in the setting of a positive 
family history of gastric cancer[15,16]. Other risk factors 
such high intake of salt, smoked food, nitrates and 
carbohydrates, alcohol consumption, smoking, blood 
groups, and cancer family history are associated with 
gastric adenocarcinoma in adults, but its role in children 
is unknown[4]. Taken together, several risk factors for 
tumor development were present in our patient, including 
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Figure 2  Endoscopy of our patient revealed blizzard morphology and nodular appearance on gastric mucosa (A), and with antral ulcers (B). Biopsy was 
performed on the margin of the ulcers.

Figure 3  Histologic analysis of the specimen by the endoscopic gastric 
mucosal biopsy shows round-oval neoplastic cells arranged in abortive 
glandular pattern or individually over the lamina propria and signet-ring tumor 
cells are identified. Hematoxylin and eosin staining, magnification × 400.

Figure 4  Helicobacter bacilli can be identified on Warthin-Starry stains (× 
400), as shown by arrowheads.
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his grandfather dying of gastric cancer, having a history 
of smoking for one year, and H. pylori infection proven by 
biopsy. Despite the patient having H. pylori infection, we 
can suspect the gastric adencarcinoma may be related to 
an organism infection.

Because gastric adenocarcinoma rarely affects 
children, the management of this disease in children is 
not well-established, and must be based on the principles 
used in adults for the time being. Radical gastrectomy 
with extended lymph node dissection is the only 
curative management in patients with localized gastric 
adenocarcinoma; however, recurrence within 2 years is 
still quite common[1,4,16,17]. Preoperative chemoradiation 
or post-operative adjuvant chemoradiation is commonly 
practiced and has been shown to improve survival[18]. 
In the patients with unresectable tumors, such as our 
patient who had extensive metastatic disease, palliative 
chemotherapy, such as 5-fluorouracil, leucovorin, 
adriamycin, cisplatin, etoposide, and epirubicin-containing 
protocols can be effective when attempting to control the 
symptoms, and may provide some limited improvement 
in terms of survival rates.

In conclusion, although gastric adenocarcinoma is 
rare in children, it should be suspected in a child with 
gastric ulcers and massive ascites. Upper gastrointestinal 
endoscopy and endoscopic biopsies are crucial in children 
with vague gastrointestinal symptoms and massive 
ascites in whom CT fails to demonstrate the primary site 
of the malignancy.

COMMENTS
Case characteristics
The main symptom is abdominal fullness and poor appetite for 7 d.
Clinical diagnosis
The physical sign of the patient was massive ascites; upon physical 
examination show distended abdominal wall with dull on percussion, and 
epigastric local tenderness. Neck lymph nodes were enlarged on level Ⅴ.
Differential diagnosis
The differential diagnosis of massive ascites included heart disease, 
malignancy, peritonitis, eosinophilic gastroenteritis and pancreatitis.
Laboratory diagnosis
Laboratory investigations revealed normal results except for mild leukocytosis 
(11.19 × 1000/μL, normal range: 3.99-10.39 × 1000/μL) with predominant 
neutrophil (80.4%, normal range: 40%-74%) and decreased lactate 
dehydrogenase (LDH) level (90 U/L, normal range: 98-192 U/L). The level of 
tumor marker was significantly increased in CA125 (109.1 U/mL, normal range: 
< 35 U/mL) but was normal in CEA (0.51 ng/mL, normal range: < 5 ng/mL) and 
CA199 (6.8 U/mL, normal range: < 35 U/mL).
Imaging diagnosis
Abdominal computed tomography (CT) scan revealed massive ascites, gastric 
mucosa thickness, and caking omentum. The gastroscopy revealed a large 
bizarre gastric ulcer (A2) (4 cm × 4 cm in size) which appeared as a snake skin 
with multiple nodular appearance over peri-antrum area.
Pathological diagnosis
Histological examination revealed poorly differentiated adenocarcinoma with 
the presence of signet ring cells was observed. Helicobacter pylori were also 
detected in the patient’s biopsy tissue specimens.
Treatment
No local radiotherapy or surgery was planned because of extensive metastatic 
disease; the patient was placed on steroid as dexamethasone phosphate and a 
chemotherapy regimen of oxaliplatin and capecitabine.

Related reports
Very few cases of pediatric gastric adenocarcinoma have been reported in 
the literature. The clinical and pathological characteristics of pediatric gastric 
adenocarcinoma remain unclear and the treatment is controversial.
Term explanation
Gastric adenocarcinoma, is a rare disease in children that primarily affects 
adults.
Experiences and lessons
This case report presents the clinical characteristics of gastric adenocarcinoma 
and also discusses the diagnosis of gastric adenocarcinoma. The authors 
recommend that upper gastrointestinal endoscopy and endoscopic biopsies are 
crucial in children with vague gastrointestinal symptoms and massive ascites in 
whom CT fails to demonstrate the primary site of the malignancy.
Peer-review
The authors have described a case of gastric adenocarcinoma presenting 
with initial presentation of massive ascites. The article highlights the rare 
clinical characteristics of this tumor and provides insights into the diagnostic 
implications.
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Abstract
The risk of developing hepatocellular carcinoma (HCC) 
is strongly associated with hepatitis B virus infection. 
Hepatic angiomyolipoma (AML), a rare benign tumor, is 
composed of a heterogeneous mixture of adipose cells, 
smooth muscle cells and blood vessels. Here, we report 
the case of a 44-year-old man who developed HCC with a 
concomitant hepatic AML and a cavernous hemangioma, 
in the absence of cirrhosis. To our knowledge, based on 
an extensive literature search using the www.pubmed.
gov website, this is the first report of an HCC case with 

both concomitant AML and cavernous hemangioma at the 
same position in the liver. The presence of the hepatitis 
B surface antigen was detected, but the liver function 
was normal. Clinical and pathological data were collected 
before and during the treatment. Hepatic AML was 
diagnosed based on the typical histological characteristics 
and immunohistochemical staining, which revealed, 
a positive staining with a melanocytic cell-specific 
monoclonal antibody. There was no evidence of tuberous 
sclerosis complex in this patient. Although the HCC was 
poor- to moderately-differentiated, the characteristics of 
the AML and the cavernous hemangioma in this patient 
did not match any criteria for malignancy. Hepatectomy 
followed by transarterial chemoembolization treatment 
were effective therapeutic methods for the adjacent lesions 
in this patient. This case is an interesting coincidence.

Key words: Angiomyolipoma; Hepatocellular carcinoma; 
Cavernous hemangioma; Hepatitis B virus infection; 
Concomitant

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Hepatic angiomyolipoma (AML) is a benign 
tumor which is composed of a heterogeneous mixture 
of adipose cells, smooth muscle cells and blood 
vessels. Here, we report the case of a 44-year-old man 
who developed Hepatocellular carcinoma (HCC) with 
concomitant hepatic AML and cavernous hemangioma, 
in the absence of cirrhosis. To our knowledge, based on 
an extensive literature search using the PubMed, this is 
the first report of an HCC case with both concomitant 
AML and cavernous hemangioma in the liver. The 
characteristics of the AML and cavernous hemangioma in 
this patient did not match any criteria for malignancy.

Ge XW, Zeng HY, Su-Jie A, Du M, Ji Y, Tan YS, Hou YY, 
Xu JF. Hepatocellular carcinoma with concomitant hepatic 
angiomyolipoma and cavernous hemangioma in one patient. 
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INTRODUCTION
Hepatocellular carcinoma (HCC), the most common 
malignancy of the liver[1], ranks as the 5th most 
common cancer and the 3rd most common cause of 
cancer-related mortality worldwide. HCC may occur as 
a consequence of every pathologic condition inducing 
chronic liver damage. Indeed, cirrhosis is largely 
recognized to be a nodal step in hepatocarcinogenesis. 
The risk of developing HCC is strongly increased when 
hepatitis B virus (HBV) is involved[2].

Angiomyolipoma (AML), a rare benign tumor, is 
composed of a heterogeneous mixture of adipose cells, 
smooth muscle cells and blood vessels. AML occurs 
most commonly in the kidneys. The liver represents 
the second most frequent site of AML development[3,4]. 
Spontaneous hemorrhage or malignant transformation 
can occur during the progression of AML[5-7]. Because 
the radiological features of AML depend on the relative 
proportion of adipose cells in the tumor, AML is not 
easy to distinguish from HCC[8,9], especially when the 
tumor is small. The relationship between HBV infection 
and the occurrence of hepatic AML is still unclear.

We recently encountered a patient with hepatitis B 
surface antigen (HBsAg) expression who also presented 
with simultaneous HCC, hepatic AML and cavernous 
hemangioma in liver. To our knowledge, no case of 
HCC with concomitant hepatic AML and cavernous 
hemangioma has been reported to date in the scientific 
literature. Here, we present the histological features of 
the tumors from this patient and discuss the diagnosis 
and its practical significance.

Case RepORT
In December 2012, a 44-year-old Chinese man was 
admitted to the hospital for intrahepatic nodules. The 
nodules were found incidentally on an abdominal 
computerized tomography (CT) scan performed as 
part of a general health examination. Laboratory 
analyses showed normal liver function, and the test 
for HBsAg expression was positive (+288.6 COI). 
The viral load was 1.16 × 103 IU/mL, and the alanine 
aminotransferase (ALT) level was 45 IU/L (normal 
value is 9-50 IU/L). The serum concentration of alpha-
fetoprotein (AFP) was 4.1 μg/mL (normal value is < 20 
μg/mL). The results of the routine urine test and the 
renal function were normal.

Abdominal ultrasonography (US) revealed a well-
defined hypoechoic mass, measuring 8.8 cm × 7.8 
cm, located in the right hepatic lobe (Figure 1A). 
Color Doppler sonography showed a filiform vascular 
distribution pattern (Figure 1B). Also in the right 

hepatic lobe, enhanced CT showed a hepatic mass 
measuring 9.6 cm × 8.0 cm and presenting an early-
phase hypoattenuation and late-phase hypoattenuation. 
The morphological aspects of the liver tumor mass 
observed on the CT scan and on the US were typical 
of HCC. However, there is no pathognomonic clinical 
sign for tuberous sclerosis. After informed consent was 
obtained, the patient requested surgical treatment. 
Resection of partial right hepatic lobe containing the 
tumors was performed.

Upon macroscopic examination, the tumor was 
displayed an elastic consistency and presented a 
diameter of 9.0 cm. The cut surface of the tumor 
was grayish-white and grayish-green. The tumor was 
encapsulated and clearly demarcated from the normal 
hepatic parenchyma. Scarring and broad fibrous 
septa were observed (Figure 2A). There was no sign 
of fibrosis in the liver tissue surrounding the tumor. 
Underneath and adjacent to the tumor capsule, we 
identified a small yellowish soft area measuring 1.0 cm 
in diameter. There was a white nodule in the middle of 
the yellowish area with a diameter of 0.3 cm (Figure 
2B).

The 9.0 cm tumor was histopathologically diagnosed 
as HCC, with a poor- to moderate-differentiation level 
(Figure 3A). A vascular tumor embolus was identified 
outside of the HCC mass (Figure 3B). The yellowish 
area was mainly composed of smooth muscle cells, 
adipose cells and blood vessels. Therefore, the three 
defining characteristics of AML were present. Nuclear 
pleomorphism was absent, and mitotic figures were 
rarely observed. The white nodule measuring 0.3 cm 
and located in the middle of the AML tumor was also an 
HCC nodule. This small nodule, which presented similar 
components as the 9.0 cm HCC tumor, may represent a 
disseminated nodule originating from the bigger tumor 
mass (Figure 3C, D). Adjacent to the edge of the 9.0 
cm HCC tumor, a small typical cavernous hemangioma 
lesion was found (Figure 3E). Via immunohistochemical 
stainings, the AML area was found negative for 
Desmin and CD34 expression, but positive for HMB45 
(melanocytic cell-specific monoclonal antibody) and 
A103 (Melan-A) expression (Figure 4A-D).

One month after the hepatectomy, the patient 
requested a transarterial chemoembolization (TACE) 
treatment. Although the tumors were completely 
removed by local resection of right hepatic lobe, there 
were vascular tumor embolus identified outside of the 
HCC mass, which was a potential recurrence factor. A 
dose of 750 mg of FuDR was used in the TACE treatment 
in order to prevent recurrence of the HCC. A dosage of 
100 mg QD of Lamivudine was administered as antiviral 
Therapy. The post-TACE course was uneventful, and 
so far, there has been no evidence of postoperative 
recurrence or metastasis.

DIsCUssION
Cases describing HCC with a concomitant hepatic 
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AML, or describing hepatic AML with a concomitant 
cavernous hemangioma are very rare[10,11]. The 
occurrence of HCC concurrently with both hepatic 
AML and cavernous hemangioma in the same patient 
is even less common. To our knowledge, based on a 
thorough literature search in PubMed (www.pubmed.
gov), this is the first report of an HCC case with a 
concomitant AML and cavernous hemangioma located 
at the same position in the liver.

AML is considered as being included in the perivascular 
epithelioid cell tumor (PEComa) family, which was 
described by Bonetti et al[12] in 1992. PEComas are defined 
as mesenchymal tumors composed of histologically and 
immunohistochemically distinctive perivascular epithelioid 
cells. These tumors are consistently immunoreactive 
to HMB45 and A103 monoclonal antibodies, which are 
used as markers for melanoma. In diagnostic radiology, 
the imaging features of AML vary due to the differences 
in the proportion of adipose cells, smooth muscle cells 
and blood vessels. Therefore, sometimes it is difficult 
to differentiate hepatic AML from HCC in radiological 
diagnosis[13,14]. In our case, the marginal 1.0 cm AML 
was too small to be differentiated from the 9.0 cm 
HCC mass using both the US and CT scan methods. 
MRI is considered to be the best modality to determine 

the components of AML[15]. Hyper- or hypointensity 
on the T1-weighted image and hyperintensity on the 
T2-weighted image are observed depending on the 
component of tumor tissue[16,17]. Contrast-enhanced 
US (CEUS) was reported as an effective diagnostic tool 
for AML[17,18]. Li et al[18] reported that CEUS showed an 
inhomogeneous hyperenhancing pattern in the arterial 
phase and prolonged enhancement during the portal and 
Kupffer phases of AML. However, MRI and CEUS were not 
performed on this patient. Occasionally, the AML is part 
of a systemic disease called tuberous sclerosis complex 
(TSC). TSC is an autosomal dominant disorder involving 
multiple organs[19,20].In the setting of TSC, hepatic AML 
is often accompanied by bilateral renal AML. However, in 
this case, we found no evidence of TSC.

Cavernous hemangioma is the most common 
benign primary liver tumor. In most cases, the size of 
the cavernous hemangioma is stable[21]. Most hepatic 
cavernous hemangiomas can be diagnosed accurately 
from the characteristic imaging features identified on 
CT or MRI. However, in instances such as ours, where 
the cavernous hemangioma is located underneath the 
hepatic capsule, adjacent to the HCC[22], the hemangioma 
is occasionally too small to distinguish from the adjacent 
HCC.
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Figure 1  Tumor was hypoechoic on ultrasonography. A: Measuring 8.8 cm × 7.8 cm well-defined hypoechoic mass; B: Color Doppler sonography showing a 
filiform vascular distribution pattern.

HCC AML

Figure 2  Macroscopical features of the tumors in this case. A: The 10% neutral buffered formalin-fixed tumor occupied a large area of the right lobe. The 
encapsulated tumor was grayish-white and grayish-green. Scarring and broad fibrous septa was observed; B: Underneath the tumor capsule, an adjacent small 
yellowish soft area measuring 1.0 cm in diameter was observed, along with a small white nodule in it.
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Figure 3  Histological features of the tumors in this case. A: The HCC, showing a poor- to moderately-differentiation level, was demarcated from the surrounding 
liver tissue with a relatively clear boundary (HE staining, magnification × 50); B: A tumor emboli of HCC was found in a blood vessel located outside of the HCC mass (HE 
staining, magnification × 200); C and D: The AML component was composed of smooth muscle cells, adipose cells and blood vessels. The 0.3 cm white nodule in the 
middle of the AML was an HCC nodule with the same composition as the 9.0 cm HCC mass (C: HE staining, magnification × 10; D: HE staining, magnification × 200); E: 
The cavernous hemangioma areas were composed of large thin-walled vascular spaces, lined by a monolayer flat endothelial cells (HE staining, magnification × 50). 
HCC: Hepatocellular carcinoma; AML: Angiomyolipoma; HE: Hematoxylin and eosin.

Figure 4  Immunohistochemical stainings. A and B: The AML cells were positive for HMB45 (magnification × 10) and for A103 staining (magnification × 10); C and D: 
The AML cells were negative for Desmin (magnification × 20) and for CD34 staining (magnification × 20). AML: Angiomyolipoma.
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The origin of hepatic AML remains unclear, although 
recent studies have shown that AML originates from 
perivascular epithelioid cells. These cells can multi-
directionally differentiate into vascular smooth muscle 
and epithelial cells, and are characterized by the 
expression of differentiation-associated markers of 
melanoma cell[6]. However, the origin of cavernous 
hemangioma is totally different. Hepatic AML most 
often occurs in females, although this patient was a 
male with HBV infection. Until now, there is no direct 
evidence revealing the relation between HBV and AML. 
Likewise, the correlation between HBV and cavernous 
hemangioma is also unclear. In HCC, in addition to the 
long-lasting hepatitis produced by a chronic infection, 
the HBV may exert a direct oncogenic role through 
several different mechanisms, including viral DNA 
integration into the host genome and production of 
proteins with pro-oncogenic properties[1,2]. HBV DNA 
integration occurs randomly in the context of the 
human genome and may involve multiple sites located 
on different chromosomes[2,23,24]. In cases similar to this 
one, the HBV may promote liver cell transformation 
and cancer progression even independently of cirrhosis 
development[1,2]. In the present case, it is difficult to tell 
if the origin of the AML and the cavernous hemangioma 
was induced by HBV DNA integration. Nevertheless, the 
characteristics of AML and the cavernous hemangioma 
observed in this case did not match any of the criteria 
for malignancy, such as necrosis, infiltrative growth 
patterns, large size, and high mitotic index.

Most cases of hepatic AML and cavernous hemangioma 
have a good prognosis regardless of the management 
strategy[25], but hepatocellular carcinoma should be 
removed surgically. We report the extremely rare case of 
an HCC tumor accompanied with a concomitant hepatic 
AML and a hepatic cavernous hemangioma occurring in 
adjacent positions. Nevertheless, in this case, which may 
be a pure coincidence, the patient benefited from surgical 
resection.

COMMeNTs
Case characteristics
A 44-year-old man who developed hepatocellular carcinoma (HCC) with 
concomitant hepatic angiomyolipoma (AML) and cavernous hemangioma.
Clinical diagnosis
Intrahepatic nodules were found incidentally on an abdominal computerized 
tomography (CT) scan performed as part of a general health examination.
Differential diagnosis
Hepatocellular carcinoma, angiomyolipoma, cavernous hemangioma.
Laboratory diagnosis
HBsAg +288.6 COI; HBV load 1.16 × 103 IU/mL; AFP 4.1 μg/mL. Liver function 
test were within normal limits.
Imaging diagnosis
Abdominal ultrasonography revealed a well-defined hypoechoic mass 
measuring 8.8 cm × 7.8 cm located in the right hepatic lobe and enhanced CT 
showed a hepatic mass measuring 9.6 cm × 8.0 cm, presenting an early-phase 
hyperattenuation and late-phase hypoattenuation.
Pathological diagnosis
The 9.0 cm tumor was histopathologically diagnosed as HCC and adjacent AML 

and cavernous hemangioma were found located at the same position in the 
liver. A small HCC nodule located in the middle of the AML tumor. The AML area 
was found negative for Desmin and CD34 expression but positive for HMB45 
and A103 expression.
Treatment
Resection of the right hepatic lobe containing the tumors was performed and 
one month after the hepatectomy, a transarterial chemoembolization (TACE) 
treatment was performed.
Related reports
Very few cases of HCC with concomitant hepatic AML and a few cases of HCC 
with concomitant cavernous hemangioma have been reported in the literature. 
The origin of HCC with concomitant hepatic AML remains unclear.
Term explanation
AML is considered as being included in the perivascular epithelioid cell tumor 
family, which is composed of a heterogeneous mixture of adipose cells, smooth 
muscle cells and blood vessels.
Experiences and lessons
This case report presents the clinical characteristics of HCC with a concomitant 
hepatic AML and a cavernous hemangioma in the absence of cirrhosis. 
Hepatectomy followed by TACE treatment were effective therapeutic methods 
for the adjacent lesions in this patient.
Peer-review
Well written case report given information about a rare tumour combination that 
could be only a mere coincidence, but it could be worth it to be published to 
draw the attention for future research to disclose the cause of this association 
in case more cases are described.
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Abstract
We report a 51-year-old female patient with a solitary 
lymphangioma located in the upper splenic pole 

which was managed successfully with laparoscopic 
partial splenectomy. Surgery lasted 170 min and did 
not require blood transfusions. The patient recovered 
well post-operatively and was asymptomatic at the 
3-mo follow-up. She had a normal platelet count 
and no recurrence on ultrasonography or computed 
tomography. Laparoscopic partial splenectomy is a 
safe, minimally invasive technique for the treatment of 
solitary splenic lymphangiomas in the splenic pole. We 
performed the procedure using the HabibTM 4X device. 
This laparoscopic bipolar radiofrequency device ensured 
a “bloodless” splenic parenchymal resection.

Key words: Laparoscopic partial splenectomy; Splenic 
lymphangioma; Laparoscopic bipolar radiofrequency 
device; HabibTM 4X

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We report the first case of a solitary splenic 
lymphangioma managed successfully by laparoscopic 
partial splenectomy using HabibTM 4X, a laparoscopic 
bipolar radiofrequency device, which allowed for a 
“bloodless” splenic parenchymal resection.

Wang WD, Lin J, Wu ZQ, Liu QB, Ma J, Chen XW. Partial 
splenectomy using a laparoscopic bipolar radiofrequency device: 
A case report. World J Gastroenterol 2015; 21(11): 3420-3424  
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INTRODUCTION
Primary splenic tumors are relatively uncommon, 
but are occasionally found during routine physical 
examinations or elective abdominal imaging studies, 
with no symptoms[1]. Splenic lymphangiomas are 
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rare, benign, primary splenic tumors resulting from 
congenital malformations of the lymphatic system, 
which are mainly found in children, but occasionally 
in adults[2]. Laparoscopic total splenectomy was 
traditionally recommended for the treatment of splenic 
neoplasms. However, with the better understanding 
of the importance of the splenic immune functions in 
both children and adults, changes have taken place 
regarding the surgical management and approach 
to splenic lesions. Laparoscopic partial splenectomy 
is minimally invasive and has become an elective 
procedure for preserving the splenic immune 
functions[3]. But the procedure is technically difficult. 
We herein report a rare case of a solitary splenic 
lymphangioma located at the upper pole of the spleen 
which was successfully managed by laparoscopic 
partial splenectomy using a HabibTM 4X laparoscopic 
bipolar radiofrequency device.

CASE REPORT
A 51-year-old female patient presented with a 
2-year history of left upper abdominal discomfort. 
She was admitted to the Department of General 
Surgery at The First People’s Hospital of Shunde 
in December 12, 2013. The patient had previously 
undergone a hysterectomy via laparotomy because 
of hysteromyoma. She had no history of trauma, 
no weight loss, and no family history of cancer. 
Physical examination yielded no remarkable findings. 
Laboratory tests were normal. Gastroscopy revealed 
chronic superficial gastritis and enteroscopy detected 
no abnormalities. Ultrasonography showed a mildly 
hyperechoic splenic mass with no blood flow on Doppler 
images and with a clear boundary. A hemangioma was 
diagnosed based on the ultrasonographic findings. A 
computed tomography (CT) scan revealed the size of 
spleen to be approximately 8.9 cm × 7.9 cm × 3.5 cm 
and confirmed a hypo-dense ellipse mass, measuring 
1.5 cm × 1.0 cm, occupying the upper pole of the 
spleen (Figure 1). The mass was differentiated from an 
angioma and a metastatic tumor. Magnetic resonance 
imaging (MRI) showed a single, well-defined, 

heterogeneous ellipse with high T2 and low T1 signals 
in the spleen with no centripetal fill-in of contrast on 
delayed images. MRI findings were suggestive of a 
splenic cyst.

Under general anesthesia, the patient underwent a 
four-trocar laparoscopic upper pole splenectomy in a 
semi-lateral position. A 10-mm port was placed sub-
umbilically for a 30-degree telescope. Two 12-mm 
trocars were placed at the middle point of the line 
between the appendix ensiformis and the umbilicus, 
and parallel to the umbilicus in the left anterior axillary 
line, respectively. A 5-mm port was placed parallel 
to the umbilicus in the left mid-clavicular line. The 
surgeon stood at the right of the patient. The first 
assistant, who handled the laparoscope, stood to the 
right of the surgeon.

The procedure began with a thorough search of 
the abdominal cavity. The left side of the gastrocolic 
ligament and the splenogastric ligament including the 
short gastric vessel were divided to expose the splenic 
vascular pedicle. The branches of the splenic artery 
and vein that supply the upper half of the spleen were 
separated and divided after ligation with a hem-o-
lok vascular clip, resulting in an ischemic demarcation 
line (Figure 2). Laparoscopic ultrasound was used to 
identify the tumor location. A bipolar radiofrequency 
device, the HabibTM 4X (Generator 1500X, RITA 
Medical Systems, Inc., California, United States), was 
inserted into the parenchyma of the spleen along the 
well-defined demarcation line for coagulating and 
closing blood vessels (Figure 3). The radiofrequency 
power was set at 80 W. The coagulated spleen tissue 
was divided bloodlessly using an Ultracision Harmonic 
Scalpel (Ethicon Endo-Surgery Inc., Cincinnati, United 
States) (Figure 4). Thick ducts were clamped with the 
hem-o-lok vascular clip and cut off for safety. After the 
splenophrenic ligaments were divided, the whole upper 
pole of the spleen containing the tumor, was separated 
completely. After surgery, the specimen was placed in 
a bag first and then removed from an enlarged sub-
umbilical port.

The duration of the operation was 170 min, and 
the estimated blood loss was minimal (approximately 
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Figure 1  Enhancing computed tomography confirmed a hypo-dense 
ellipse occupying the upper pole of the spleen.

Figure 2  After ligating the upper branches of the splenic artery, an ischemic 
demarcation line on the splenic surface is pronounced.



30 mL). The patient was discharged on day 7 post-
operatively with no complications. Histological 
diagnosis was splenic lymphangioma (Figure 5). At the 
3-mo follow-up visit, CT scan showed that the remnant 
lower pole of the spleen was normal (the size of spleen 
was approximately 6.1 cm × 4.1 cm × 3.1 cm). The 
patient was asymptomatic with no recurrence and had 
a normal platelet count.

DISCUSSION
Splenic lymphangioma presents as a cystic, solid, or 
honeycomb mass that is either solitary or multifocal. 
The main clinical symptoms are typically associated 
with large cysts and include vague abdominal pain and 
symptoms due to compression of adjacent organs. 
Cystic lymphangioma is the most common type and 
is characterized by a honeycomb of large and small 
thin-walled cysts containing lymph-like clear fluid. 
Solid lymphangiomas have also been described 
with sclerotic changes and papillary endothelial 
proliferation[4]. Solitary splenic lymphangioma is 
extremely rare and appears as a cystic lesion. Imaging 
characteristics are hypo- or anechoic lesions detected 
by ultrasound, low attenuation and non-enhancing 
masses detected by CT, and high T2 and low T1 signal 
intensity on MRI[5]. Different imaging characteristics 
of splenic lymphangiomas, such as a solid-cystic 
mass, mildly increased echogenicity on ultrasound, 
and fill-in contrast enhancement on delayed CT 
images and MRI, are also described in some cases[6-8]. 
Nevertheless, a solitary splenic lymphangioma is 
difficult to differentiate from a splenic cyst/angioma 
or a metastatic tumor. In this report, the imaging 
characteristics were not compatible with the commonly 
published form of lymphangioma, making it difficult to 
diagnose preoperatively.

Currently, laparoscopic splenectomy, which leads 
to a good short-term outcome and is minimally 
invasive, is still the most widely accepted standard 
surgical treatment for splenic disorders. However, with 
the better understanding of the important role of the 
spleen in immune defense, changes have taken place 

in the surgical strategy for splenic surgery. Several 
studies have indicated that total splenectomy could 
increase the risks of postoperative infection, secondary 
atherosclerosis events, pulmonary hypertension, and 
thrombocytic events[9,10]. Therefore, splenectomy 
should be avoided if possible. Partial splenectomy 
can preserve the immune function of the spleen if 
at least 25% of the normal splenic tissue by weight 
is preserved[11,12]. Since Uranüs et al[13] reported 
the first case of laparoscopic partial splenectomy in 
1995, showing the benefits of a splenic parenchyma-
preserving procedure with minimally invasive surgery, 
it has become an elective procedure for focal splenic 
disorders[3,14]. Uranues et al[14] reported 38 patients 
who underwent laparoscopic partial splenectomy with 
a median operating time of 110 min and with no post-
operative mortality. However, laparoscopic partial 
splenectomy still remains a challenging procedure as 
bleeding from the cut edge of the spleen is difficult to 
control and can result in death. 

In this report, the perioperative bleeding risk was 
limited, and there were no complications. We found 
that laparoscopic partial splenectomy is safe for 
treatment of splenic lymphangiomas located in the 
pole of the spleen. To succeed in this technique, the 
surgeon should be skilled at the procedure. The spleen 
has a segmental blood supply, and tearing the splenic 
peplos or splenic hilum often results in uncontrolled 
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Figure 3  HabibTM 4X was inserted into the splenic parenchyma along the 
well-defined ischemic demarcation line for coagulating and sealing blood 
vessels.

Figure 4  Splenic parenchyma was divided bloodlessly with an Ultracision 
Harmonic Scalpel.

Figure 5  Pathological examination of the splenic lymphangioma. HE 
staining, original magnification × 40.
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Related reports
Solitary splenic lymphangiomas are extremely rare. There are few reports about 
laparoscopic partial splenectomy for the treatment of splenic lymphangiomas. 
There are no published data about using HabibTM 4X for a laparoscopic partial 
splenectomy.
Term explanation
HabibTM 4X, a bipolar radiofrequency device causing coagulation necrosis of the 
liver tissue and sealing of blood vessels and bile duct, offers an ideal “bloodless” 
parenchymal resection in the liver.
Experiences and lessons
This case report represents not only a rare case of a solitary splenic 
lymphangioma, but also shares the skills of laparoscopic partial splenectomy 
using HabibTM 4X, which ensured a “bloodless” splenic parenchymal resection.
Peer-review
This article presents the recent progress in laparoscopic partial splenectomy.  
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bleeding. The surgeon must therefore move the spleen 
gently when dividing the splenic ligaments. Targeted 
segmental devascularization of the spleen plays a key 
role in partial splenectomy. The splenic artery is divided 
into two or three groups of branches that provide 
blood supply to the upper and lower poles and an 
intermediate segment. In some patients, the number 
of segments ranges from three to seven[15]. The 
surgeon should isolate and ligate the segmental vessel 
and make a clear ischemic demarcation line, as shown 
in our case, to significantly reduce bleeding from the 
splenic parenchymal section. An advanced laparoscopic 
instrument ensures a safe transsection of the splenic 
parenchyma. Currently, important technical advances 
for a safe laparoscopic partial splenectomy have been 
made using argon beams, ultrasound scalpels and 
ligature devices, staplers, or radiofrequency ablative 
devices[16,17]. In our case, we used a new bipolar 
radiofrequency device, the HabibTM 4X, which offers an 
ideal “bloodless” parenchymal resection in the liver[18], 
resulting in coagulation necrosis of the splenic tissue 
and sealing of blood vessels prior to transsection. To 
the best of our knowledge, there are no published 
data about using this device for a laparoscopic partial 
splenectomy.

In conclusion, solitary splenic lymphangiomas 
are extremely rare and can be easily misdiagnosed. 
Laparoscopic partial splenectomy offers a safe and 
minimally invasive technique for the treatment of 
solitary splenic lymphangiomas located in the pole 
of the spleen. The HabibTM 4X allows for a bloodless 
splenic parenchyma transsection.
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Pathological diagnosis
Splenic lymphangioma.
Treatment
The patient was treated with laparoscopic partial splenectomy using HabibTM 4X.
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Abstract
Abnormalities and variations of the biliary ducts are not 
rare. Most aberrant bile ducts eventually drain into the 
descending part of duodenum through the papilla of 
vater. However, drainage of the left hepatic bile duct into 
the stomach is extremely rare. A 29-year old man was 
admitted to the hospital with the diagnosis of biliary reflux 
gastritis. Comprehensive imaging modalities were performed 

including electronic endoscopy, endoscopic ultrasonography, 
endoscopic retrograde cholangiopancreatography and 
magnetic resonance cholangio-pancreatography. Finally, 
congenital ectopic left intrahepatic bile duct draining 
into the stomach was found, which caused biliary reflux 
gastritis. The patient did not receive any surgery. Good 
recovery was achieved by medical treatment.

Key words: Ectopic left intrahepatic bile duct; Endo-
scopic ultrasonography; Endoscopic retrograde ch-
olangiopancreatography; Magnetic resonance; Cholang-
iopancreatography
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Core tip: Abnormalities and variations of the biliary 
ducts are not rare. Most aberrant bile ducts eventually 
drain into the descending part of duodenum through 
the papilla of vater. However, drainage of the left 
hepatic bile duct into the stomach is extremely rare. 
We report a case with congenital left intrahepatic bile 
duct draining into gastric wall. The clinical symptoms 
are similar to bile reflux gastritis and the imaging 
changes are easily misdiagnosed as gastric tumor. The 
comprehensive imaging examination is necessary for 
correct diagnosis.

Guan J, Zhang L, Chu JP, Lin SC, Li ZP. Congenital left 
intrahepatic bile duct draining into gastric wall mimicking 
biliary reflux gastritis. World J Gastroenterol 2015; 21(11): 
3425-3428  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i11/3425.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3425

INTRODUCTION
Knowledge of the hepatic duct variants is necessary 
when interpreting images and performing surgical or 

CASE REPORT

Congenital left intrahepatic bile duct draining into gastric 
wall mimicking biliary reflux gastritis
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non-surgical therapeutic procedures. Sharma et al[1] 
described that the branching pattern of intrahepatic 
bile ducts (IHD) was atypical in 47% patients. Guerra 
et al[2] reported that one case of ectopic papilla of 
vater in the pylorus. Although anatomical variations of 
IHD present several types of branching patterns[1-4], 
anomalous opening of IHD located outside the biliary 
tree was rare and only described in case reports. The 
purpose of this study is to describe an extremely rare 
anatomic variation of left intrahepatic duct draining 
into the lesser curvature of stomach.

CASE REPORT
A 29-year old man was admitted to our hospital and 
presented with upper abdominal pain and burning 
sensation for more than a year. These symptoms 
aggravated especially under the circumstance of 
waking-up in the early morning and starvation, and 
then relieved after eating and activity. This patient did 
not have any history of gastrointestinal disease and 
surgery. Physical examination revealed soft and plain 
abdomen without tenderness and rebound pain.

The electronic endoscopy showed congestive 
swelling in gastric antral mucosa and a submucosal 
papillary mass in the lesser curvature of the stomach. 

This mass manifested as smooth surface projecting to 
gastric lumen with a size of 1.0 cm × 1.0 cm. There 
was some bile-like liquid draining out from the fissure-
shaped opening of the papillary mass (Figure 1). 
Gastric mucosa biopsy was performed. Endoscopic 
ultrasonography revealed a homogeneous hyperechoic 
submucosal mass of around 8 mm in diameter with 
clear margin. The structure of the affected gastric wall 
was normal and intact. There was a hypoechoic tunnel 
crossing the muscularis propria and serous layer of 
gastric wall (Figure 2). Pathologic result of mucosa 
biopsy indicated gastric inflammation. Then endoscopic 
retrograde cholangiopancreatography (ERCP) was 
performed. Small amount of contrast agent (Ultravist) 
was injected through the opening of the papillary 
mass. We observed that contrast agent was traced 
through the opening into the bile duct-like structures, 
and then into the left intrahepatic bile duct, and finally 
into the common bile duct and the duodenum (Figure 
3). In order to entirely display the variant bile duct, 
magnetic resonance cholangiopancreatography (MRCP) 
was carried out. It showed the variant bile duct arising 
from the left hepatic duct connected with gastric wall 
and formed a papillary orifice in the lesser curvature 
of the gastric body (Figure 4). A hyperintense tubular 
structure of around 4 mm in diameter was seen 
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Figure 1  Electronic gastroscopy showed a papillary mass in lesser curvature of the stomach, and some bile on the surface of the mass.

Figure 2  Endoscopic ultrasonography revealed a homogeneously 
hyperechoic submucosal mass (yellow arrow) with clear margin and a 
hypoechoic tunnel inside (white arrow).

Figure 3  Endoscopic retrograde cholangiopancreatography showed 
a tubular structure (white arrow) between left hepatic lobe and lesser 
curvature of the stomach. GB: Gallbladder.



between the left hepatic lobe and stomach on axial T2 
weighted imaging (Figure 5). The common bile duct, 
the right and left hepatic duct, and pancreatic duct 
were normal without dilatation; and moreover, the 
gallbladder was also in normal size.

The final diagnosis was congenital ectopic left 
intrahepatic bile duct draining into stomach, which 
caused biliary reflux gastritis (Figure 6). The mild 
biliary reflux gastritis was not indicative for surgery, so 
the patient was requested to change his dietary habits 
avoiding greasy food to protect gastric mucosa from 
biliary stimulation. Prokinetic drugs (Domperidone) 
and conjugated bile salts drug (Almadrate Sulfate) 
were prescribed to control the symptoms. The follow-
up included periodic monitoring of endoscopy and 
Helicobacter pylori infection. Until now, the symptoms 
have been alleviated and no evidence of Helicobacter 
pylori infection has been got.

DISCUSSION
Abnormalities and variations of the biliary ducts are not 
rare. There are different drainage types. Most aberrant 
bile ducts eventually drain into the descending part 

of the duodenum through papilla of vater[1,2]. Ectopic 
papilla of vater located in the duodenal bulb and 
the pylorus has been described as case reports[4,5]. 
However, anomalous opening of the left hepatic bile 
duct into the stomach is very rare.

In our case, anomalous drainage of the left intra-
hepatic duct into the lesser curvature of the stomach 
was found. The biliary duct abnormalities may be 
explained as the overgrowth of left intrahepatic bile 
duct extending into the stomach wall in embryonic 
stage. Part of bile was drained into the stomach via 
this anomalous opening, which caused the symptoms 
similar to bile reflux gastritis. Therefore, for bile gastritis 
cases, the common causes include uncoordinated 
movement disorders of stomach and duodenum, 
insufficiency of pyloric function and delayed gastric 
emptying, in addition to the causes mentioned above, 
the anomalous opening of bile duct in stomach should 
also be considered.

The anomalous opening of bile duct in the stomach 
formed papillary structure mimicking submucosal 
tumors, so it was difficult to make accurate diagnosis 
only by electronic gastroscopy. It should be differentiated 
from many submucosal masses, such as interstitialoma, 
lipoma, carcinoid, schwannoma, ectopic pancreas, etc. 
Although endoscopic ultrasound can be some helpful 
in excluding submucosal tumors by demonstrating its 
internal echo characteristics and location in the gastric 
wall, especially the tubular hypoechoic structure inside 
“submucosal papillary mass”, it was still difficult to make 
a qualitative diagnosis as the lack of tracing the tubular 
structure outside the gastric wall. MRCP is a noninvasive 
examination as effective as the ERCP in showing the 
drainage path and opening morphology of ectopic bile 
duct. The findings by MRCP were in consistent with 
those by ERCP, which indicates that MRCP might be the 
first choice for diagnosis.

In our case, the patient didn’t receive any surgery 
and he was well controlled by medical treatment. In 
addition, periodic follow-up of endoscopy was normal 
and no helicobacter pylori infection was found. So we 
continued follow-up.
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Figure 4  Magnetic resonance cholangiopancreatography revealed the 
variant bile duct (white arrow) originating from left hepatic duct drained 
into the lesser curvature of stomach. Note the hyperintense tubular structure 
(yellow arrow).

Figure 5 Axial T2WI, a tubular structure (white arrow) with hyperintense 
signal and its opening (yellow arrow) in stomach can be found as well.

Left hepatic dict

Stomach

Pancreas

Duodenum

Gallbladder

Figure 6 Hand drawing of this case better shows the relationship between 
variant bile duct and the lesser curvature of the stomach.
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The ectopic duct is likely to be misdiagnosed 
as submucosal tumors due to its special structure. 
Thus, the patient may receive unnecessary surgical 
procedures or suffer intraoperative accidental injury to 
the bile duct, resulting in biliary fistula, bile peritonitis 
or other medical complications. Therefore, it is 
essential to fulfill comprehensive examinations before 
proper intervention.

COMMENTS
Case characteristics
This is a rare case about the ectopic opening of the left bile duct into the 
stomach. The clinical manifestations are very similar to bile reflux gastritis, 
which presents as abdominal pain and a burning sensation when fasting.
Clinical diagnosis
According to its bile irritation symptoms, this case is diagnosed as bile reflux 
gastritis.
Differential diagnosis
Clinically, the main differential diagnosis is bile reflux gastritis. The radiological 
differential diagnosis includes gastric tumor and ectopic pancreas.
Laboratory diagnosis
Laboratory diagnosis is non-specific.
Imaging diagnosis
Imaging findings revealed that the ectopic opening of left hepatic duct situated 
in the gastric wall, which allows bile to drain into the stomach directly.
Pathological diagnosis
Histopathological examination confirmed gastritis.
Treatment
Treatment including eating little but often, inhibition of gastric acid and gastric 
mucosa protection can effectively relieve symptoms.

Related reports
As the limit of our knowledge, no related case was reported.
Term explanation
No specific terms were used in our case report.
Experiences and lessons
Bile reflux gastritis is not necessarily caused by abnormal pyloric sphincter. 
It may be caused by the ectopic biliary opening on the gastric wall, so the 
comprehensive imaging examination is necessary.
Peer-review
The ectopic opening of the left bile duct into the stomach is a very special 
anatomic variation of bile duct. The clinical symptoms are similar to bile reflux 
gastritis and the imaging changes are easily misdiagnosed as gastric tumor. 
This patient only received symptomatic treatment and long-term follow-up. We 
still lack of experience in the treatment of the disease since it is a rare condition.
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Abstract
A 61-year-old male from Northeast China presented 
with a 2-mo history of abdominal distension, pruritus 
and jaundice. Laboratory testing revealed an elevated 

serum IgG4 level. A computed tomography scan 
showed a typical feature of autoimmune pancreatitis 
(AIP) and cholecystocholangitis. Early gastric cancer 
was incidental ly discovered when endoscopic 
untrasound-guided fine needle aspiration (EUS-
FNA) of the pancreas was carried out. The patient 
underwent radical subtotal gastrectomy for gastric 
cancer combined with cholecystectomy. Helicobacter 
pylori  (H. pylori ) and IgG4-positive plasmacytes were 
detected in gastric cancer tissue, pancreatic EUS-
FNA sample and resected gallbladder specimen by 
immunohistochemistry. The patient was diagnosed 
with H. pylori -positive IgG4-related AIP and sclerosing 
cholecystocholangitis as well as H. pylori -positive 
gastric cancer. He responded well to steroid therapy 
and remains healthy with no signs of recurrence at one 
year follow-up. We speculate that H. pylori  might act 
as a trigger via  direct or indirect action in the initiation 
of onset of gastric cancer and multiorgan IgG4-related 
disease.

Key words: IgG4-related disease; Helicobacter pylori ; 
Type 1 autoimmune pancreatitis; Sclerosing cholecy-
stocholangitis; Gastric cancer

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We report a rare case of a 61-year-old male 
patient who suffered from Helicobacter pylori  (H. 
pylori )-positive IgG4-related autoimmune pancreatitis 
and sclerosing cholecystocholangitis as well as H. 
pylori -positive gastric cancer. The patient responded 
well to corticosteroid therapy after he underwent radical 
subtotal gastrectomy for gastric cancer combined with 
cholecystectomy. This report supports the role of H. 
pylori  in the initiation of onset of gastric cancer and 
multiorgan IgG4-related disease.
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INTRODUCTION
IgG4-related disease (IgG4-RD) is a recently 
recognized disorder that is characterized by the 
enlargement of involved organs, elevated levels of 
serum IgG4, and abundant infiltration of IgG4-positive 
plasmacytes in the affected organs[1]. Autoimmune 
pancreatitis (AIP) has been divided into types 1 
and 2. Type 1 AIP is the pancreatic manifestation 
of IgG4-RD[2]. IgG4-associated cholangitis and 
chronic sclerosing sialadenitis are other common 
manifestations of IgG4-RD[3]. Most cases of AIP in 
Japan and Korea are of the type 1 form, whereas type 
2 is quite rare[2]. The prevalence and clinical features 
of AIP and other forms of IgG4-RD in China have yet 
to be fully clarified.

Recent investigations from Japan indicate that 
the standardized incidence ratio for malignances in 
IgG4-RD patients is higher than that in the general 
population and that the affected cancerous tissues can 
be infiltrated by IgG4 positive plasmacytes to various 
degrees[4,5]. On the contrary, the latest report from 
the United States indicates that cancer risk before 
and after diagnosis of AIP is similar to that in control 
subjects[6]. Malignancies in patients with IgG4-RD have 
included lung cancer, colon cancer, prostate cancer and 
lymphoma[4,6-9]. The question of whether synchronous 
carcinoma and IgG4-RD have a true association or 
are the result of a nonspecific peri-cancerous IgG4 
reaction remains to be clarified.

Infection with Helicobacter pylori (H. pylori) has 
been shown to play a major role in gastric carcin-
ogenesis[10,11]. The interplay of infectious agents 
with other etiological factors such as the genetic 
susceptibility of the host or the external environment 
is becoming increasingly recognized as an important 
component in the occurrence of gastric cancer. Over 
the last decade, H. pylori was thought to contribute 
to the development of AIP through induction of 
autoimmunity and apoptosis[12,13]. However, the 
relationship between H. pylori infection and multiorgan 
IgG4-RD has yet to be clarified.

In this report, we describe a rare case of concurrent 
H. pylori-positive gastric cancer and multiorgan IgG-
RD from northeast China.

CASE REPORT
A 61-year-old male from northeast China presented 
with a two-month history of abdominal distension, 
pruritus, jaundice and a 25-pound weight loss. The 
patient denied any history of alcohol, tobacco, or illicit 
drug use. On physical examination, the patient had 

yellow staining of the skin and sclera. He had mild 
epigastric tenderness to deep palpation.

Routine blood tests showed a high percentage 
(11%) of eosinophils in the white blood cell count, 
and the erythrocyte sedimentation rate (ESR) was 
markedly raised (89 mm/h). Serum biochemical data 
on admission were as follows: total bilirubin 179 μmol/
L, total bile acids 184.1 μmol/L, alkaline phosphatase 
487 U/L, alanine aminotransferase (ALT) 319 U/L, 
aspartate aminotransferase (AST) 128 U/L, amylase 
183 U/L, and lipase 127 U/L. Serum immunological 
testing displayed high levels of IgG4 (17.5 g/L) and 
IgG (18.1 g/L).

A computed tomography scan of the abdomen 
revealed diffuse gallbladder wall thickening and 
intrahepatic bile duct dilatation (Figure 1A), a 
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Figure 1  Computed tomography images of autoimmune cholecy
stocholangitis and pancreatitis. Diffuse gallbladder wall thickening (white 
arrow) and intrahepatic bile duct dilatation (A), thickening of the common bile 
duct wall (black arrow) and diffuse swelling pancreas with loss of lobulation (B), 
and a dramatic recovery in the size of the pancreas after 4 wk of steroid therapy 
(C).



patchy thickening of the distal common bile duct 
and diffuse enlargement of the pancreas with 
loss of lobulation, consistent with AIP (Figure 1B). 
Endoscopic ultrasound-guided fine needle aspiration 
biopsy (EUS-FNA) of the pancreas revealed dense 
lymphoplasmacyte infiltration and storiform-type 
fibrosis (Figure 2A). Immunohistochemical staining 
showed several H. pylori-positive cells (Figure 2B) 
and numerous IgG4-positive plasma cells (Figure 2C) 
in the needle specimen sections of the patient, which 
met the diagnostic criteria for IgG4-related AIP with H. 
pylori infection.

Endoscopic biopsy specimens from the pylorus 
showed an early moderately differentiated gastric 
adenocarcinoma limited to the mucosal and submucosal 
layers with abundant infiltration of lymphoplasmacytes 
and eosinophil cells in the tumor stroma by HE staining 
(Figure 3A), as well as the presence of H. pylori in the 
epithelial cells, cancer cells or mesenchymal cells by 
immunohistochemistry (Figure 3B, C). In contrast, 
only sparse and patchy IgG4-positive or IgG-positive 
plasma cells were seen in the tumor stroma by 
immunohistochemical staining (Figure 3D, E). Neither 
dense fibrosis nor phlebitis was observed in the gastric 
specimen of the patient (Figure 3A).

The patient underwent radical subtotal gastrectomy 
for gastric cancer combined with cholecystectomy 
and T-tube drainage on the 14th day after 
admission. HE staining of the resected gallbladder 
specimen revealed numerous lymphoplasmacyte 
and eosinophil cell infiltration as well as fibrosis 
(Figure 4A). Immunohistochemical staining showed 
presence of H. pylori in the cholecyst epithelial cells 
or mesenchymal cells (Figure 4B, C). Numerous 
IgG4-positive plasmacytes were evident in the 
cholecystectomy specimen, with a ratio of IgG4/IgG-
positive plasmacytes of more than 40%, which met 
the diagnostic criteria for IgG4-related sclerosing 

cholecystitis (Figure 4D, E).
On the 3rd day after surgery, the patient was 

diagnosed with H. pylori-positive multiorgan IgG4-
RD. He received a first-line therapy (a proton pump 
inhibitor, clarithromycin and metronidazole) for 
eradication of H. pylori and 40 mg/d of prednisone 
for seven days without any side effects, and was then 
discharged with the same steroid dose alone for the 
following 3 wk. After 4 wk of daily oral prednisone 
therapy, the patient exhibited no signs of either 
abdominal distension or body itching. Abnormal 
liver function test results returned to normal levels. 
Elevated serum levels of amylase and lipase returned 
to normal value ranges. 14C-urea breath test was 
negative for H. pylori. The enlarged pancreas returned 
to its normal size and lobulated form (Figure 1C). The 
patient received a long-term maintenance dose of 10 
mg/d of prednisone after steroid tapering. At 12-mo 
follow-up, his illness had not recurred, but the serum 
level of IgG4 was high (15.6 g/L).

DISCUSSION
IgG4-RD is a recently recognized systemic condition 
characterized by elevated serum IgG4 levels and 
steroid responsiveness. IgG4-RD shows organ 
enlargement or nodular lesions consisting of abundant 
infiltration of lymphocytes and IgG4-positive plasma 
cells (ratio of IgG4/IgG-positive plasma cells > 40%) 
and fibrosis in various organs[5]. A histological diagnosis 
of IgG4-RD requires the presence of at least two of 
three characteristic histological features including: 
(1) dense lymphoplasmacytic infiltration; (2) fibrosis 
arranged at least focally in a storiform pattern; and (3) 
obliterative phlebitis[5]. The patient in this study fully 
met the diagnostic criteria for IgG4-related sclerosing 
cholecystitis and type 1 AIP[5]. Even so, biopsy 
specimens from the bile duct are difficult to obtain 
using standard procedures, except cholangiectomy. 
Diagnostic criteria developed in Japan to establish 
IgG4-related sclerosing cholangitis include diffuse 
or segmental narrowing of the introhepatic and/or 
extrahepatic bile duct associated with the thickening of 
the bile duct wall and coexistence of AIP/or high serum 
levels of IgG4[14,15]. Thus, the patient in this study also 
met the diagnostic criteria for IgG4-related sclerosing 
cholangitis[1,14,15].

Comprehensive clinical diagnostic criteria for 
IgG4-related gastric disease have so far not been 
constituted[5,16]. Recently, Koizumi et al[16] suggested 
that there appeared to be two kinds of IgG4-related 
gastric disease. One was a gastric lesion showing 
marked thinking of the wall of the stomach, consisting 
of dense fibrosis with abundant infiltration of IgG4-
positive plasma cells; the other was an IgG4-related 
pseudotumor in the gastric region, showing polypoid 
or mass-like lesions. In this study, only sparse and 
patchy IgG4-positive or IgG-positive plasma cells 
were identified in the cancer stroma and the gastric 
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Figure 2  Histological findings of the needle biopsy specimen of the 
pancreas. HE staining shows numerous lymphoplasmacyte infiltration and 
storiform fibrosis (A). Immunostaining shows Helicobacter pylori-positive cells 
(B) or IgG4-positive plasma cells (C) in the needle specimen sections of the 
patient. Original magnification × 400 (A, B and C).
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Figure 3  Histological findings of the endoscopic biopsy specimen from the pylorus. HE staining shows a moderately differentiated gastric adenocarcinoma with 
abundant infiltration of lymphoplasmacytes and eosinophils in stroma (A). Immunostaining reveals Helicobacter pylori in gastric epithelial cells (B) or cancer cells (black 
arrow, C) or mesenchymal cells (red arrow, C), IgG4-positive (D) or IgG-positive plasma cells (E) in the cancer stroma. Original magnification × 400 (A, B and C), × 
200 (D and E).
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Figure 4  Histological findings of the resected gallbladder specimen. HE staining shows abundant infiltration of lymphoplasmacytes and eosinophils (A). 
Immunostaining shows Helicobacter pylori in the epithelium (B) or mesenchymal cells (C), IgG4-positive (D) or IgG-positive plasma cells (E) in the resected 
gallbladder sections of the patient. Original magnification × 400 (A and C); × 200 (B, D and E).

C

C

Li M et al . H. pylori  infection and IgG4-related disease



submucosa adjacent to the carcinoma (data not 
shown), and either storiform-type fibrosis or obliterative 
phlebitis was absent. Thus, our data support a peri-
cancerous IgG4 reaction rather than IgG4-related 
gastric disease. 

Since the gallbladder, common bile duct, pancreas 
and stomach were involved synchronously in this 
case, we believed there might be a common factor 
contributing to the pathogenesis seen in the lesions 
of these adjacent organs. Over the last decade, 
molecular mimicry of host structures by constituents 
of H. pylori is thought to be connected with the 
development of autoimmune sequelae in hepatobiliary- 
or pancreatic-tissue destruction through antibody 
cross-reactivity[13,17]. The binding motif of the HLA 
molecule DRB1*0405 was found to be located in the 
homologous segments between carbonic anhydrase 
Ⅱ (CAⅡ) of the human pancreas and alpha-carbonic 
anhydrase of H. pylori, and serum anti-CAⅡAb levels 
in AIH were significantly higher than those in chronic 
pancreatitis and pancreatic adenocarcinoma[18,19]. 
Additionally, in the case of H. pylori infection, T cell-
mediated apoptotic signals and granulocyte recruitment 
as well as activation of the oxidative burst were also 
thought to contribute to the pathogenesis of AIP[12]. 
In this study, the patient presented with H. pylori 
infection in the stomach, gallbladder, and pancreas 
and with abundant infiltration of IgG4-positive plasma 
cells in the gastric submucosa, gallbladder stroma, 
and pancreatic tissues. Thus, we speculate that H. 
pylori might act as a trigger via direct or indirect action 
(immune cross-response) in the initiation of onset of 
multiorgan IgG4-RD and that IgG4 reaction might 
increase the H. pylori-associated risk of developing 
gastric cancer. However, further identification and 
characterization of such cases is required to elucidate 
the mechanism of this association.

High serum IgG4 levels have been proposed as 
a marker of AIP and also showed good accuracy in 
distinguishing between AIP and pancreatic cancer 
and other autoimmune diseases[20]. Additionally, 
AIP patients with elevated serum IgG4 had higher 
incidence of jaundice at onset, more frequent diffuse 
pancreatic enlargement at imaging, and more frequent 
extrapancreatic lesions compared to those with normal 
serum IgG4 levels[21]. Over the last decade, the 
usefulness of serum IgG4 as a marker of the efficacy 
of steroid treatment has been paid great attention[20]. 
Recently, response to steroids in AIP patients was 
recognized regardless of serum IgG4 level, however, 
a long-term maintenance therapy was required more 
frequently amongst patients with elevated IgG4 
compared to those with normal IgG4[21]. 

In summary, we report a rare case of H. pylori-
positive multiorgan IgG4-RD and gastric cancer. This 
report supports the role of H. pylori in the initiation of 
onset of gastric cancer and multiorgan IgG4-RD. Since 
the cancer was discovered unexpectedly and resected 

successfully, a careful examination of IgG4-AIP is 
required to rule out the presence of gastric malignant 
tumor before steroid therapy.

COMMENTS
Case characteristics
A 61-year-old male from northeast China presented with a 2-mo history of 
abdominal distension, pruritus and jaundice.
Clinical diagnosis
The patient was diagnosed with Helicobacter pylori (H. pylori)-positive IgG4-
related autoimmune pancreatitis (AIP) and sclerosing cholecystocholangitis as 
well as H. pylori-positive gastric cancer.
Differential diagnosis
The differential diagnosis included IgG4-related gastric disease and primary 
sclerosing cholangitis.
Laboratory diagnosis
The patient was diagnosed with H. pylori-positive multiorgan IgG4-related 
disease (IgG4-RD) as well as H. pylori-positive gastric cancer on the basis 
of the presence of H. pylori and IgG4-positive plasmacytes in gastric cancer 
tissue, pancreatic endoscopic untrasound-guided fine needle (EUS-FN) sample 
and resected gallbladder specimen, and a high serum IgG4 level.
Imaging diagnosis
A computed tomography scan revealed diffuse gallbladder wall thickening and 
intrahepatic bile duct dilation, a patchy thickening of the distal common bile duct 
and diffuse enlargement of the pancreas with loss of lobulation.
Pathological diagnosis
Immunohistochemistry revealed H. pylori and IgG4-positive plasmacyte 
infiltration in resected gastric cancer tissue and gallbladder specimen as well as 
pancreatic EUS-FN sample.
Treatment
The patient received 30 mg/d of prednisone for 4 wk, and a long-term 
maintenance dose of 10 mg/d of prednisone.
Related reports
The relationship between H. pylori infection and multiorgan IgG4-RD has not 
yet been clarified.
Term explanation
AIP is a form of pancreatitis with a presumed autoimmune etiology and is 
currently recognized as two subtypes. Type 1 AIP is a pancreatic lesion of IgG4-
related disease, while type 2 AIP is related to granulocytic epithelial lesion. 
Experiences and lessons
This report supports the role of H. pylori in the initiation of onset of gastric 
cancer and multiorgan IgG4-RD. Since the gastric cancer was discovered 
unexpectedly and resected successfully, a careful examination of IgG4-AIP 
is required to rule out the presence of gastric malignant tumor before steroid 
therapy.
Peer-review
This is a well-written manuscript about a rare case with H. pylori-positive IgG4-
related diseases. However, the role of H. pylori in the pathogenesis of IgG4-
related disease should be more discussed. Please explain why IgG4 levels are 
still high after treatment and the correlation between the IgG4 levels and the 
clinical presentation/imaging findings.
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Abstract
We report a patient with small intestinal metastasis 
from lung squamous cell carcinoma. A 66-year-old 
man who underwent radical lung cancer surgery 
was admitted to our hospital. Before starting his 
fifth cycle of chemotherapy, he was found to have a 
positive fecal occult blood test. Abdominal computed 
tomography scan revealed an i leal tumor with 
mesenteric lymph node enlargement. He underwent 
laparoscopic resection of the involved small intestine 
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and mesentery. Histopathological analysis confirmed 
metastasis from lung cancer. We conducted a review 
of the literature and 64 documented cases of small 
intestinal metastasis from lung cancer were found. 
The pathologic diagnosis, clinical presentation, site 
of metastasis, and survival time in these cases were 
reviewed.

Key words: Lung cancer; Metastasis; Gastrointestinal 
hemorrhage; Gastrointestinal neoplasms; Small intestine

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Gastrointestinal tract metastases from lung 
cancer are relatively rare. We describe a patient with 
melena due to small intestinal metastasis from lung 
squamous cell carcinoma. We collected 64 similar 
documented cases from 2000 to date, and reviewed 
the pathologic diagnosis, clinical presentation, site of 
metastasis, treatment, and survival time.
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hemorrhage due to ileal metastasis from primary lung cancer. 
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INTRODUCTION
Lung cancer is a malignant tumor with high incidence 
and mortality[1]. The prognosis of lung cancer is 
poor as metastases are often present at the time of 
diagnosis. Distant metastases are usually found in the 
adrenal glands, bone, liver, brain, and kidney, however, 
metastases in the gastrointestinal tract are relatively 
rare[2]. In this report, we present a patient with 
gastrointestinal bleeding due to ileal metastasis from 



primary lung carcinoma.

CASE REPORT
A 66-year-old male patient who presented with 
shortness of breath and hemoptysis for 1 wk was 
admitted to our hospital on May 8, 2013. On chest 
computed tomography (CT), a mass was seen in the 
right lower lobe. He underwent a right lower lobectomy 
with lymph node dissection on May 10, 2013. At 
surgery, a 3.5 cm mass was found in the right upper 
lobe near the right lung hilum. In addition, hilum, 
carina, and mediastinum lymphadenopathy were 
found. The pathological study confirmed moderately 
differentiated squamous cell carcinoma with lymph 
node metastasis (1+/38) (T2N1M0). The patient 
received four cycles of adjuvant chemotherapy with 
docetaxel/nedaplatin from June 2013 to September 
2013. Just before the fifth cycle of chemotherapy 
(January 3, 2014), the patient complained of 
melena. The stool examination for occult blood was 
strongly positive. On abdominal examination, no 
abnormalities were found. Colonoscopy also revealed 
no abnormalities. An abdominal CT scan revealed 
ileal wall thickening and nearby mesenteric lymph 
node enlargement, indicating a malignant ileal tumor 
(Figure 1). Tumor markers were within normal ranges, 
including CEA which was 2.75 ng/mL. A complete 
blood count showed anemia with a hemoglobin 
(Hb) level of 9.6 g/dL. The patient then underwent 
laparoscopic exploration. A 4.5 cm × 3.0 cm small 
intestinal tumor with serosal infiltration was found 
150 cm from the cecum (Figure 2). Lymph node 
enlargement was seen near the mesenteric root. The 
involved small bowel and mesentery were resected. 
Histopathological analysis confirmed that the tumor 
was a moderately differentiated squamous cell 
carcinoma (Figure 3). Immunohistochemically, tumor 
cells were positive for CKH and P63, but negative for 
CK20 and CK7 (Figure 4), indicating a metastasis 
from primary lung carcinoma. One of the two resected 
mesenteric lymph nodes contained metastasis, and 

the surgical margins were negative. The patient had 
no postoperative complications and was discharged 5 
days after surgery. Postoperatively, he underwent four 
cycles of chemotherapy with gemcitabine/nedaplatin. 
Brain magnetic resonance imaging and SPECT/CT 
during chemotherapy revealed no other metastasis. 
The patient is still alive with no recurrence. 

DISCUSSION
We searched the PubMed database for relevant 
English language publications from 2000 to June 2014 
using the MeSH terms “Gastrointestinal Neoplasms/
complications”, “Gastrointestinal Neoplasms/
secondary”, and “Lung Neoplasms/pathology”. The 
age and sex of patients, pathologic diagnosis, clinical 
presentation, site of metastasis, and the survival time 
of the reported cases were reviewed and analyzed. 
In total, 64 cases were identified and reviewed[3-33], 
including 58 (90.6%) male and 6 (9.4%) female 
patients. The mean age of these patients was 61.4 
years (ranging from 36 years to 88 years).

In lung cancer, metastases to the gastrointestinal 
tract are quite rare and mostly found in the advanced 
stages of the disease. Yang et al[21] reported that the 
incidence of symptomatic gastrointestinal metastasis 
from primary lung cancer was 1.77%. However, the 
prevalence at autopsy is much higher, ranging from 
4.7% to 14%[34,35]. This can be explained by the fact 
that most patients with small bowel metastases have 
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Figure 1  Abdominal computed tomography scan revealed metastatic 
tumor mass of ileum (solid arrow) and the enlarged lymph node (dotted 
arrow).

A

B

Figure 2  Intraoperative imaging of the resected tumor of the ileum. The 
tumor was 4.5 cm × 3.0 cm in size, with a clear margin and ulceration on the 
intraluminal surface.



no specific symptoms. In the 64 documented cases, 59 
patients had certain clinical presentations, of whom 22 
(37.3%) had perforation, 19 (32.2%) had obstruction, 
10 (16.9%) had hemorrhage and 8 (13.6%) had 
intussusception. Perforation was the most common 
symptom in patients with bowel metastases. The 
toxicity of chemotherapy is likely to be the etiology of 
bowel perforation[30]. 

In the 64 documented cases, 57 patients had 
metastatic sites. The jejunum was the most common 
site in 50.9% (29/57) of patients, followed by the 
ileum in 33.3% (19/57), and the duodenum in 15.8% 
(9/57). The general route of gastrointestinal metastasis 
has been suggested to be hematogenous metastasis 
through the spinal veins or lymphogenous metastasis 
from the mediastinum through the retroperitoneum 

and mesentery[9]. The difference in incidence between 
these metastatic sites may be because the jejunum 
and ileum have a more abundant blood supply and 
lymphoid tissues.

In lung cancer, all tumor cell types may develop 
small intestinal metastases. Adenocarcinoma (31.6%, 
18/57), squamous cell carcinoma (28.1%, 16/57) 
and large cell carcinoma (24.6%, 14/57) were 
most common, followed by other types such as 
carcinosarcoma, adenosquamous, and neuroendocrine 
carcinoma (10.5%, 6/57) and small cell carcinoma 
(5.3%, 3/57). Yoshimoto et al[34] reported that patients 
with large cell carcinoma had a significantly higher rate 
of gastrointestinal metastases (P = 0.004, OR = 3.524) 
compared with patients with non-large cell carcinoma. 
However, the reasons for this are unknown.
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Figure 3  Microscopic findings of metastatic lung squamous cell carcinoma in the ileum.

A B

C D

Figure 4  By immunohistochemistry, the tumor cells were found to be positive for CKH (A) and P63 (B), but negative for CK20 (C) and CK7 (D).
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had a median survival of 3-6 mo[40]. Metastases to the 
small bowel have a worse prognosis than metastases 
to the brain and bone. 

Due to better diagnostic methods and prolonged 
survival of lung cancer patients, gastrointestinal meta-
stases are more common. When abdominal symptoms 
are present or persistent positive occult blood tests 
are found, bowel metastases should be considered. 
Abdominal CT has high value in diagnosing gastro-
intestinal metastases. With regard to the treatment of 
gastrointestinal metastases from lung cancer, surgery 
can be a curative treatment option. Chemotherapy and 
supportive care can improve the prognosis.
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Abstract
A large majority of patients diagnosed with pancreatic 
cancer have advanced metastatic disease with unre-
sectable malignancies. Despite treatment advances, the 
survival benefit from chemotherapeutic regimens and 
targeted drugs is limited. Moreover, their application 

is limited in China because of high toxicity and cost. 
Recently, inhibitors of epidermal growth factor receptor 
activity have shown promise for the treatment of solid 
cancers when used in combination with standard 
therapy. However, these drugs have not been evaluated 
extensively for the treatment of pancreatic cancer. 
Here, we report the treatment of a 64-year-old male 
with metastatic pancreatic cancer using a novel 
regimen of icotinib with gemcitabine. Marked shrinkage 
of the mass was observed after two treatment cycles, 
and partial remission was achieved. The abdominal 
pain was relieved. The adverse effects were tolerable 
and treatment cost was acceptable. This is the first 
reported case for the treatment of advanced pancreatic 
cancer with icotinib plus gemcitabine and demonstrates 
a promising therapeutic alternative. 

Key words: Epidermal growth factor receptor tyrosine 
kinase inhibitor; Gemcitabine; Icotinib; Metastatic 
pancreatic cancer; Regimen 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Patients with advanced metastatic pancreatic 
cancer have a poor prognosis. Currently, treatments 
available in China are accompanied by high toxicity and 
cost, with minimal benefit. Icotinib is a newly developed 
oral epidermal growth factor receptor tyrosine 
kinase inhibitor, which was combined with standard 
gemcitabine therapy for treatment of metastatic 
pancreatic cancer in a 64-year-old male patient. This 
case report demonstrates that the novel regimen 
produced partial remission with marked shrinkage of 
the pancreatic mass. Thus, icotinib combined with 
gemcitabine may be a promising therapeutic alternative 
for metastatic pancreatic cancer.

Zhao J, Shen H, Hu HG, Huang JJ. Icotinib plus gemcitabine for 
metastatic pancreatic cancer: A case report. World J Gastroenterol 
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INTRODUCTION
Pancreatic cancer is one of the most aggressive and 
lethal malignancies. The mortality rate of pancreatic 
cancer is extremely high, with a 25% one-year survival 
rate, and < 5% five-year survival[1]. According to the 
2012 China Annual Report of Cancer Registration, 
pancreatic cancer incidence was ranked seventh in 
China, and mortality ranked sixth[2]. Early detection is 
difficult, thus 80% of patients have locally advanced or 
distant metastases when diagnosed[3]. Consequently, 
these patients need chemotherapy, radiotherapy, or 
palliative surgery to prolong their survival, control 
symptoms and improve their quality of life. 

Gemcitabine has been the standard treatment 
for patients with locally advanced or metastatic 
pancreatic cancer since 1997. Although it improves 
survival compared with fluorouracil[4], it provides only 
marginal survival benefits. Recent evidence implicates 
the epidermal growth factor receptor (EGFR) signaling 
pathway in the development, progression, and 
metastasis of pancreatic cancer[5-7], and blockade of 
EGFR suppresses tumor proliferation[8]. Icotinib is a 
recently developed oral EGFR tyrosine kinase inhibitor 
that suppresses tumor growth and improves survival 
of Chinese patients with non-small-cell lung cancer[9]. 
However, there are no reports concerning its use for 
treatment of pancreatic cancer. We present the case of 
a patient diagnosed with metastatic pancreatic cancer 
who was treated with icotinib and gemcitabine. 

CASE REPORT
A 64-year-old Asian male patient was admitted to our 
hospital in January 2014 complaining of epigastric 
pain that radiated toward the back, which had been 
present for one month. The pain was accompanied by 
abdominal distension, but without nausea, vomiting, 
or jaundice. The Karnofsky Performance Status score 
was 90, and the pain score-assessed with a numerical 
rating scale-was a 3. Laboratory examinations revealed 
normal liver, biliary, and pancreatic enzymes, and a 
normal complete blood count. The markers for hepatitis 
A, B, and C were negative. Screening for tumor 
markers showed elevated levels of carcinoembryonic 
antigen (CEA) (33.9 ng/mL), carbohydrate antigen (CA) 
19-9 (> 12000.0 U/mL), and CA 242 (> 500.0 U/mL). 
Magnetic resonance imaging revealed a 3.6 cm × 
3.4 cm mass in the head of the pancreas (Figure 1A) 
and multiple nodules in the liver (Figure 2A), which 
were also observed by positron emission tomography-
computerized tomography (Figure 3). An ultrasound-
guided percutaneous needle biopsy of the pancreatic 

mass was performed, and pathology indicated that it 
was an adenocarcinoma (Figure 4). The patient was 
diagnosed with stage Ⅳ pancreatic cancer with liver 
metastasis. 

Because the mass was unresectable, the patient 
was given palliative therapy with 125 mg tid icotinib 
(Conmana; Betta Pharmaceuticals Co. Ltd., Zhejiang, 
China), combined with 1000 mg/m2 gemcitabine 
on days 1, 8, and 15 every four weeks. The patient 
complained of abdominal pain (score 3), which 
was treated with a non-steroidal anti-inflammatory 
(celecoxib). The patient developed a grade 1 acne-like 
rash and grade 2 myelosuppression in response to the 
chemotherapy, which was well tolerated and recovered 
quickly with supportive care.

After two cycles of therapy, serum tumor markers 
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Figure 1  Contrast-enhanced magnetic resonance imaging of the 
pancreas. A: Before treatment, a mass was observed (arrow) in the head 
of pancreas; B: Marked shrinkage of the mass was seen after two treatment 
cycles; C: Mass size remained stable after four treatment cycles.



were decreased: CEA 4.9 ng/mL; CA 19-9, 2369.9 U/
mL; CA 242, 329.1 U/mL. Because the pain decreased 
to a score of 0-1, the celecoxib was eliminated 
from the treatment regimen. Magnetic resonance 
imaging revealed marked shrinkage of the masses in 

the pancreas and liver (Figure 1B, 2B), with partial 
remission according to the Response Evaluation 
Criteria In Solid Tumors 1.1 criteria[10].

On day 8 of the third cycle, the patient suffered 
a grade 3 liver injury. A liver panel screen showed 

3443 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

B

A

Figure 2  Contrast-enhanced magnetic resonance imaging of the liver. A: Before treatment, multiple metastatic nodules (arrows) were observed in the liver at 
three different levels; B: Marked shrinkage of the nodules was seen after two treatment cycles.

Figure 3  Positron emission tomography-computerized tomography. Masses in the pancreas and liver were observed before treatment.
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competitively inhibit ligand binding, and tyrosine 
kinase inhibitors has provided an additional strategy 
for cancer treatment[14]. A phase Ⅱ trial showed 
that nimotuzumab with gemcitabine improved the 
progression-free and overall survivals of advanced 
pancreatic cancer patients, though one-third of 
patients experienced grade 3 adverse events[13]. The 
therapeutic value of cetuximab remains unclear[15]. 
EGFR tyrosine kinase inhibitors, such as erlotinib, 
gefitinib, and icotinib, may provide a more economical 
alternative. A Canadian phase Ⅲ trial indicates that 
supplementing treatment with erlotinib significantly 
improved the progression-free, overall, and one-year 
survivals of pancreatic cancer patients compared with 
gemcitabine alone[16]. Treatment with erlotinib was well 
tolerated in these patients, with only a slight increase 
in the incidence of grade 3/4 rash and diarrhea, and no 
difference in the quality of life score. Erlotinib has since 
been approved for treatment of locally advanced and 
metastatic pancreatic cancer by the Food and Drug 
Administration and the European Union. 

Icotinib is a highly specific and selective EGFR 
tyrosine kinase inhibitor. It is a small quinazoline 
compound with a chemical backbone structure 
similar to erlotinib, with a shorter halftime[17]. Icotinib 
has been shown to regulate the transcription and 
expression of a gene associated with cell proliferation 
and differentiation, and showing antiproliferative and 
antiangiogenic effects[18,19]. As icotinib was approved 
by the State Food and Drug Administration of China 
for the treatment of non-small-cell lung cancer in 
2011, it is covered by medical insurance in Zhejiang 
province and represents an affordable treatment 
option for many patients. Icotinib has been evaluated 
for the treatment of solid tumors[20], and a phase Ⅲ 
clinical trial demonstrated effects equivalent to gefitinib 
in patients with non-small-cell lung cancer, with a 
better safety profile and lower cost[9]. The adverse 
effects reported included rash, diarrhea, nausea, and 
abdominal distention. 

The patient in the case presented here agreed 
to combination treatment with icotinib after refusing 
erlotinib and nimotuzumab because of the high cost, 
and FOLFIRINOX because of the adverse effects. 
The treatment effectively relieved the abdominal 
pain, reduced the size of the pancreatic mass after 
two treatment cycles and achieved partial remission, 
with markedly reduced serum CA 19-9, CEA, and CA 
242 levels. The progression-free survival was 3.73 
mo, similar to the gemcitabine and erlotinib regimen 
and better than gemcitabine alone[16]. The patient 
experienced low-grade adverse events, and recovered 
rapidly from the liver injury experienced during 
the third treatment cycle. To our knowledge, this is 
the first reported case of icotinib with gemcitabine 
for the treatment of advanced pancreatic cancer, 
and demonstrates that this regimen is a promising 
alternative treatment option.

alanine transaminase at 400 U/L and aspartate 
transaminase at 210 U/L. The patient did not complain 
of nausea, vomiting, anorexia, or fatigue, however 
the chemotherapy regimen was suspended. Hepatic 
protective therapy was initiated, and chemotherapy 
was resumed once the liver enzymes decreased to 
within the normal range. 

After four treatment cycles, the patient developed 
jaundice. The liver panel showed elevated biliary 
enzymes and serum bilirubin, and serum CA 19-9 was 
again elevated (> 12000.0 U/mL). A repeat abdominal 
computed tomography scan revealed no change 
in the pancreatic mass (Figure 1C) with significant 
enlargement of the intrahepatic biliary duct. Treatment 
was terminated because of the obstructive jaundice, 
which resolved with endoscopic retrograde biliary 
drainage. The patient refused further chemotherapy. 
He remains under supportive care in lieu of further 
treatment.

DISCUSSION
Survival of patients with pancreatic cancer can be 
improved by combining standard treatment with novel 
therapies. Combining gemcitabine with nab-paclitaxel 
or treatments containing folinic acid, fluorouracil, 
irinotecan, and oxaliplatin (FOLFIRINOX), improves 
the progression-free and median overall survivals, 
and overall response rate[11-13]. However, these 
regimens have many limitations. For example, Conroy 
et al[11] showed increased toxicity with FOLFIRINOX, 
including grade 3/4 neutropenia, febrile neutropenia, 
and diarrhea. Similarly, Von Hoff et al[12] found that 
grade 3/4 neutropenia and leukopenia occurred more 
frequently in patients receiving gemcitabine combined 
with nab-paclitaxel. In addition, these treatments are 
expensive and are not covered by medical insurance 
in China. Therefore, an effective, economical, and safe 
regimen for the treatment of advanced pancreatic 
cancer is urgently needed.

Inhibition of EGFR by monoclonal antibodies, which 

3444 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

Figure 4  Cytological examination of the pancreatic mass. Hematoxylin and 
eosin staining indicated the mass was an adenocarcinoma (magnification × 
200).
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In conclusion, the combination of icotinib with 
gemcitabine may be a viable option for the treatment 
of metastatic pancreatic cancer, with acceptable 
adverse effects and cost. However, large prospective 
studies should be carried out to further clarify the 
efficiency, safety, and overall survival benefit.
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Abstract
We read with great interest the excellent review 
by Wong et al  on extra intestinal manifestations of 
Helicobacter pylori  (H. pylori ) infection published in 
the journal. This is a well-documented and structured 
review. However, I believe that Wong et al  failed to 
report the relationship between H. pylori  infection and 
cobalamin.
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TO THE EDITOR
We read with great interest the excellent review by 
Wong et al[1] on extra intestinal manifestations of 
Helicobacter pylori (H. pylori) infection published in 
the journal. This is a well-documented and structured 
review. However, I believe that Wong et al[1] failed 
to report the relationship between H. pylori infection 
and cobalamin. In fact, in our opinion, cobalamin 
[vitamin (B12)] deficiency related to H. pylori infection 
is a well-studied hematological manifestation, 
comparable to iron deficiency. This is supported 
clinically by current guidelines[2], several clinical 
studies on cobalamin deficiency[3,4] and a therapeutic 
study[5]. This latter study probably provides the most 
convincing arguments to support the role of H. pylori 
in the genesis of vitamin B12 deficiency. The study of 
Andrès et al[5] showed a correction between vitamin 
B12 deficiency and an eradication treatment of H. 



pylori (without any supplementation of cobalamin). 
H. pylori causes vitamin B12 deficiency and related 
manifestations (macrocytic anemia or neurological 
manifestations) by food-cobalamin malabsorption[3,4]. 
Pangastritis leads to decreased gastric acid, which 
impairs the release of vitamin B12 from haptocorrin 
to the intrinsic factor. Thus, oral cobalamin therapy 
(not only intramuscular therapy) may be used to treat 
cobalamin deficiency related to H. pylori infection.
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