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nature of disease often leads to late diagnosis and 
five-year survival rates of less than 15%. Current dia-
gnostic tools are restricted to invasive and costly 
endoscopy and biopsy for histopathology. Minimally 
and non-invasive biomarkers of esophageal cancer are 
needed to facilitate earlier detection and better clinical 
management of patients. This paper summarises recent 
insights into the development and clinical validation of 
esophageal cancer biomarkers, focussing on circulating 
markers in the blood, and the emerging area of breath 
and odorant biomarkers.

Key words: Breath analysis; Cancer; MicroRNA; Non-
invasive; Esophageal cancer; Biomarker

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The current “gold standard” test for detection 
of esophageal cancer is endoscopic imaging and 
confirmation by biopsy. There are several barriers 
to endoscopy as a clinical tool to monitor patients at 
high risk of esophageal cancer, including high capital 
and personnel costs and the invasive nature of the 
procedure. This paper highlight new insights into the 
development and clinical validation of circulating and 
breath biomarkers of esophageal cancer. 

Yazbeck R, Jaenisch SE, Watson DI. From blood to breath: 
New horizons for esophageal cancer biomarkers. World J 
Gastroenterol 2016; 22(46): 10077-10083  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v22/i46/10077.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v22.i46.10077

INTRODUCTION
Esophageal cancer is the 6th leading cause of cancer 
related mortality death worldwide[1,2]. Histologically it is 
classified into two sub-types, squamous cell carcinoma 
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Abstract
Esophageal cancer is a lethal cancer encompassing 
adenocarcinoma and squamous cell carcinoma sub-
types. The global incidence of esophageal cancer is 
increasing world-wide, associated with the increased 
prevalence of associated risk factors. The asymptomatic 
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and adenocarcinoma, each with a specific cellular 
origin, pathogenesis and epidemiology[3,4].

The current gold standard techniques for the 
detection and diagnosis of esophageal cancer, endo-
scopy and biopsy, are invasive. Furthermore, due 
to the lack of symptoms at earlier disease stages, 
presentation and diagnosis usually occurs late, leading 
to poor prognosis and 5 year survival rates as low 
as 15%[4,5]. Early diagnosis is associated with much 
higher 5 year survival rates[4], and when confined 
to the mucosa disease specific survival rates of up 
to 98% are reported[6]. Better diagnostic methods 
are needed to shift the majority of diagnoses to the 
earliest stages, and expanded access to conventional 
endoscopy and wider use in a screening context is not 
cost effective. Minimally and non-invasive biomarkers, 
primarily in the blood and breath, represent the 
most likely candidates to facilitate early detection of 
esophageal cancer.

Several candidate biomarkers for esophageal 
cancer have been proposed. However, their translation 
into clinical use has been slow. Biomarkers can be 
broadly defined as quantifiable parameters that assist 
in distinguishing normal from pathological processes[7,8] 
with applications for diagnosis, prognosis and tailoring 
of patient treatment[9]. In this paper we summarise 
recent insights into the development and clinical 
validation of esophageal cancer biomarkers. Whilst we 
recognise that there is a significant body of research 
which has been undertaken evaluating tissue based 
biomarkers in esophageal cancer, this review has 
deliberately focussed on minimally invasive and non-
invasive methods for detection of esophageal cancer, 
principally circulating markers in the blood, and the 
emerging area of breath and odorant biomarkers. 
The development of robust, minimally invasive, cost 
effective biomarkers for early cancer will change 
current diagnostic, prognostic and surveillance para-
digms, and could open the possibility of population 
screening.

SQUAMOUS CELL CARCINOMA
Esophageal squamous cell carcinoma is the most 
frequently diagnosed subtype of esophageal cancer 
worldwide[10] and typically arises in the mid and 
lower thirds of the esophagus[10]. The highest pre-
valence of squamous cell carcinoma is found within 
regions of Eastern Asia[11], largely attributed to the 
prevalence of risk factors such as tobacco smoking 
and the consumption of herbal tea maté and pickled 
vegetables[12,13]. Conversely, in Westernised societies 
such as the United States and Australia, incidence 
rates of squamous cell carcinoma have been in dec-
line since 1998, largely due to a decline in cigarette 
smoking[4,12,14].

The pathogenesis of squamous cell carcinoma is 
highly complex, involving an accumulation of genetic 
modifications within the esophageal mucosa, causing 

progressive changes that result in invasive carci-
noma[15,16]. Environmental factors, diet, smoking and 
alcohol consumption have been strongly implicated 
in the molecular mechanisms for squamous cell car-
cinoma; however, evidence of a causal relationship is 
lacking[15,17]. Genetic mutations within cyclin D1 and 
the tumour suppressor gene, TP53, are among the 
most frequently isolated genetic abnormalities from 
esophageal squamous cell carcinomas[15].

TP53 is a tumour suppressor gene with roles in DNA 
repair and cell cycle arrest, and is the most common 
mutation found in cancers, including esophageal 
squamous cell carcinoma[15,17,18]. TP53 mutations have 
been reported in as little as 10% and up to 80% of 
esophageal squamous cell carcinoma[19]. Additionally, 
mutations to the TP53 gene are also found in dysplastic 
lesions[15,16], indicating TP53 mutations may be an 
event in the early stages of esophageal squamous cell 
carcinoma carcinogenesis. TP53 mutations produce 
abnormal TP53 protein that accumulates in the 
nuclei of cells which may be identified by immuno-
histochemistry[15,19,20]. Positive p53 staining has been 
demonstrated in the non-cancerous cells adjacent to 
tumors[19] and in cells lacking the commonly identified 
TP53 mutations[20]; indicating poor specificity and 
sensitivity of the technique and potentially additional 
mutations within the gene accounting for the positive 
staining[20].

ESOPHAGEAL ADENOCARCINOMA
Esophageal adenocarcinoma is a highly lethal tumour 
usually developing in the lower third of the esophagus, 
or at the gastro-esophageal junction[21]. Incidence rates 
have risen gradually in developed countries since 1984, 
with a 4% increase in the incidence of adenocarcinoma 
in Australia between 1988 and 2005[22]. Adenocarcinoma 
is most prevalent in males, the elderly and the obese. 
However, the most significant risk factor identified for 
adenocarcinoma is Barrett’s esophagus[12,23,24].

Barrett’s esophagus is a metaplastic condition 
of the esophageal epithelium, affecting up to 2% of 
the adult population[6]. It is defined histologically by 
the replacement of the normal stratified squamous 
epithelium with a columnar epithelium with intestinal 
metaplasia defined by the presence of goblet cells, as 
a result of chronic gastro-esophageal reflux disease[24]. 
Gastro-esophageal reflux disease is characterised by 
increased acid and bile exposure to the esophageal 
mucosa, a consequence of extended relaxation of 
the lower esophageal sphincter, which may lead to 
esophagitis and progress to Barrett’s esophagus[25]. 
The development of Barrett’s epithelium is considered 
a protective mechanism, as columnar epithelium is 
more resistant to the harmful effects of acid and bile 
than the normal stratified squamous epithelium of the 
esophagus[26]. However, Barrett’s esophagus, is also a 
hyper-proliferative condition, susceptible to malignant 
progression in some individuals[27]. Dysplasia is one of 
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the initial changes identified with malignant progression, 
characterised by cellular distortion and changes in the 
nuclei such as crowding and hyperchromatism[28].

Patients with Barrett’s esophagus have varied 
risk of progression to adenocarcinoma[29], with some 
studies suggesting 40%-75% of cases of esophageal 
adenocarcinoma lack evidence of Barrett's eso-
phagus[30,31]. It has been suggested the absence of 
any evidence of Barrett’s esophagus could suggest an 
alternate, yet to be identified, pathogenic pathways[31], 
and that Barrett’s esophagus is simply a strong risk 
factor in a subset of the population, but not a nece-
ssary carcinogenic step in the development of eso-
phageal adenocarcinoma[32]. However, the absence 
of useful tools for the early identification and ongoing 
assessment of Barrett’s esophagus and progression 
to adenocarcinoma has made assessment of this 
relationship challenging.

CURRENT DIAGNOSTIC METHODS OF 
ESOPHAGEAL CANCER
The diagnosis of esophageal cancer and its prema-
lignant lesions is currently limited to endoscopy and 
subsequent biopsy analysis[11]. Endoscopy is a highly 
invasive and costly diagnostic procedure[33,34] and 
is the current gold-standard diagnostic technique 
for esophageal cancer and its precursor lesions[4]. 
Standard white light endoscopy is limited in its 
scope, restricted to the identification of macroscopic 
abnormalities that may indicate cancer, such as 
nodules and ulcers, consequently failing to identify 
early lesions that appear macroscopically normal[4]. 
Whilst Barrett’s esophagus is visible endoscopically, 
dysplasia within the Barrett’s segment is more difficult 
to identify as lesions are often flat and difficult to 
distinguish from surrounding non-dysplastic columnar 
epithelium[33].

Classification of dysplasia is subjective and studies 
have shown differentiation between grades of dysplasia 
is highly variable amongst pathologists, leading to 
incorrect diagnosis and un-necessary procedures[5,35]. 
Likewise, random biopsy protocols is prone to sampling 
error[36], furthering the potential for misdiagnosis. 

Surveillance using endoscopy and biopsy is generally 
recommended for patients with Barrett’s esophagus, 
in order to diagnose esophageal cancer at its earliest 
stage[37]. As a result of the low progression rate of early 
lesions, such as Barrett’s esophagus to adenocarcinoma 
and the costs of endoscopy surveillance, it may not 
be cost effective to employ the current diagnostic 
procedures in surveillance programs for esophageal 
cancer, and screening programs have never been 
considered feasible[35]. Thus, there is an acute need for 
the development of more selective and less invasive 
diagnostic techniques for individuals at risk of eso-
phageal cancer.

EMERGING BIOMARKERS OF 
ESOPHAGEAL CANCER
Blood biomarkers
Autoantibodies have drawn appeal as serology markers 
for esophageal cancer, owing to their stability and 
persistence in serum samples. With improvements 
in antibody detection technologies improving the 
detection limits, there is a growing interest in the 
utility of autoantibodies as diagnostic and prognostic 
biomarkers for esophageal cancer. Perhaps the most 
comprehensively investigated has been the tumour 
suppressor gene, TP53. The protein product of TP53 
is a nuclear phosphoprotein and in normal human 
plasma, the TP53 protein and anti-p53 antibodies are 
absent[38]. p53 mutations can cause accumulation 
of non-functional protein that has increased stability 
and a longer half-life than the native protein[38]. The 
subsequent production of anti-p53 has been detected 
in tissue, blood and other body fluids of several cancer 
types, including esophageal cancer. A meta-analysis 
by Zhang et al[38] summarizing the diagnostic value 
of anti-p53 for esophageal cancer found that patients 
with esophageal cancer were seven times more likely 
to be positive for plasma anti-p53 compared to non-
cancer controls. However, despite the high specificity, 
the authors reported low sensitivity, suggesting limited 
clinical application.

More recently, a systematic review investigated 
the diagnostic utility of 35 different circulating 
autoantibodies, both alone and in combination, as 
biomarkers for the early detection of esophageal 
cancer[39]. Although the study did not distinguish 
between the two esophageal cancer sub-types, the 
majority of the studies included in the review were 
esophageal squamous cell carcinoma, a greater 
world-wide burden of this variant compared to the 
adenocarcinoma sub-type[39]. Although the vast majority 
of studies reviewed reported positive associations 
between their candidate biomarker, and esophageal 
cancer, with high specificity reported, the sensitivity 
values were generally too low to be of any clinical 
significance[39]. However, combinations of autoantibodies 
did slightly improve the median sensitivity. The authors 
also conducted a meta-analysis on the diagnostic 
value of anti-p53, reporting a significant association of 
serum anti-p53 with esophageal cancer, with sensitivity 
of 91.4% and specificity of 65%[39], contrasting their 
previous findings for meta-analysis of anti-p53[38].

Six serum biochemical markers that included 
anti-p53, carcinoembryonic antigen, squamous cell 
cancer antigen, cytokeratin 21-1 fragment (CYFRA21-1), 
vascular endothelial growth factor-C and microRNA 
(miRNA) were reviewed in a meta-analysis by Zhang 
et al[40]. Although each biomarker candidate was 
associated with a positive odds ratio for esophageal 
cancer, and high specificity values by receiver operating 
characteristic curves, the sensitivity for each test was 
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potentially prognostic miRNAs in 25 individual studies. 
miR-21 and miR-375 were found to be potentially 
prognostic of overall survival[46]. However, the small 
number of manuscripts that could be included in the 
study, and the lack of validation studies performed 
using the miRNA markers limits the conclusions that 
can be drawn for translational application. A more 
comprehensive meta-analysis by Fu et al[47] found 
that although increased expression of miR-21 and 
decreased expression of miR-375 were significantly 
associated with poor overall survival in esophageal 
cancer, both miR-21 and miR-275 were associated with 
low hazard ratios. 

Circulating miRNAs have also been investigated 
as biomarkers of esophageal adenocarcinoma and 
the pre-cursor condition, Barrett’s esophagus. In a 
retrospective study of bio-banked serum samples 
from esophageal cancer patients, Chiam et al[43] 
identified five miRNA ratios, derived from ten unique 
miRNAs that were discriminatory for esophageal 
adenocarcinoma over non-dysplastic Barrett’s eso-
phagus and healthy controls. The predictive accuracy 
of the miRNA ratios was enhanced with stepwise 
addition of each miRNA ratio to an analysis of the 
cancer patient’s blood sample[43], highlighting the 
potential for biomarker combination approaches to 
enhance test specificity and sensitivity.

BREATH BIOMARKERS
Breath analysis represents an attractive modality for 
the early detection of cancer, as it is completely non-
invasive, relatively cheap compared to conventional 
methods, and provides a rapid result following sample 
collection. Breath volatile organic compounds (VOCs) 
as biomarkers of disease have been recognised 
since the time of Hippocrates in Ancient Greece, who 
described fetor hepaticus and fetor oris in his treatise 
on breath aroma and disease[48]. It is now known that 
a single human breath is a complex gas mixture of 
more than 2000 unique VOCs, representing a reservoir 
of potential cancer biomarkers[49]. Breath VOCs have 
already shown clinical utility as possible biomarkers 
for lung[50,51], breast[52,53], prostate[54], colorectal[55], 
gastric[56] and recently, esophageal cancer.

Many studies have associated breath alkanes with 
cancer, presumably as a bi-product of oxidative stress 
pathways[57]. Breath ethane has previously been 
investigated in late stage esophageal squamous cell 
carcinoma and adenocarcinoma, with no differences 
compared to healthy controls[58]. More advanced 
technologies have since been used to characterise 
VOCs associated with esophageal cancer. Headspace 
analysis of urine[59] and gastric contents[60] from 
esophageal cancer patients by selected ion flow tube-
mass spectrometry identified several VOCs that were 
differentially regulated compared to healthy controls. 
However, there was no predominant group of VOCs in 
the cancer group.

again low, with high variability between studies[40]. 
Although the authors suggest that combinations of the 
serum markers are likely to yield better sensitivity and 
specificity, it is more likely that the better designed, 
more robust, prospective, multi-centre studies are 
needed to better optimise and validate candidate serum 
biochemical markers.

Circulating tumor cells (CTCs) originate from the 
primary tumor, and are released into the circulation, 
where they may form micro-metastases. Various 
assays have been developed and used to assess 
the diagnostic and prognostic potential of CTCs in 
several cancer types, including breast, colorectal, 
gastric and esopahgeal cancer[41]. A recent meta-
analysis by Qiao et al[42] aimed to determine the 
association between CTCs and clinicopathological 
characteristics and prognosis (tumor stage, lymph 
node metastasis, distant metastasis and patient 
survival) in esophageal cancer. The presence of CTCs 
was found to correlate strongly with poor overall 
patient survival, and predicted poor progression 
free survival in Asian populations with esophageal 
squamous cell carcinoma[42]. CTCs also correlated with 
venous invasion and metastasis to local lymph nodes 
(N-staging). New methodologies to quantify circulating 
tumor DNA might also offer new diagnostic potential, 
but more work is needed to evaluate this possibility. 

Blood biomarkers for esophageal cancer represent 
new tools for the early detection and prognosis. 
However, despite the large number of candidate 
markers that have been published, there remains a 
paucity of large, well-designed, prospective multi-
centre validation studies for both esophageal squamous 
cell carcinoma and esophageal adenocarcinoma. 

CIRCULATING miRNA
miRNA’s are single stranded, non-coding RNA’s that 
can regulate gene and protein expression[43,44]. miRNAs 
are abundantly expressed in a stable form, with highly 
consistent levels amongst individuals in a range of 
extracellular fluids including blood serum and plasma, 
and have drawn attention as biomarkers for cancer and 
disease[43,44]. Recent studies have reported plasma/
serum circulating miRNAs to be potential diagnostic 
and prognostic markers in some gastrointestinal 
cancers - esophageal squamous, esophageal adeno-
carcinoma, gastric and colorectal[43,44]. Although still an 
emerging area of research, recent meta-analyses have 
highlighted the potential of circulating miRNAs for the 
detection of esophageal cancer. 

A review by Wang et al[45] of eight manuscripts 
investigated a total of 16 different types of miRNAs in 
serum and saliva of Asian esophageal squamous cell 
carcinoma patients. The authors reported relatively 
high sensitivity and specificity values for combination 
and single miRNA markers, suggesting some diagnostic 
application[45]. The prognostic utility of miRNAs have 
also been reviewed, with Fu et al[46] reporting on 39 
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The first breath analysis study to define breath 
VOCs in esophageal cancer identified a phenols 
dominant expression pattern, with phenol, methyl 
phenol, ethyl phenol and hexanoic acid significantly 
increased in esophageal cancer compared to healthy 
controls[61]. In the most comprehensive study to date, 
Kumar et al[62] investigated breath VOCs in esophageal 
squamous cell carcinoma, esophageal adenocarcinoma, 
Barrett’s esophagus, benign conditions and gastric 
adenocarcinoma, compared to healthy controls. A 
total of 12 VOCs, comprised of phenols, aldehydes and 
fatty acids were identified as being discriminatory for 
esophageal cancer and gastric cancer compared to 
normal upper gastrointestinal (GI) tract[62]. Additionally, 
the authors found the VOC profile distinguished 
esophageal cancer from Barrett’s metaplasia and from 
benign conditions of the upper GI tract (which included 
esophagitis, esophageal stricture, and esophageal 
candidiasis). Developing a risk prediction model, 
the authors reported eight significant predictors for 
adenocarcinoma: decanal, nonanal, phenol, ethyl 
phenol, methyl phenol, hexanoic acid, heptanal, and 
butyric acid, with sensitivity and specificity of 98% 
and 91.7% respectively when compared to normal 
upper GI tract[62]. Furthermore, the model accurately 
discriminated esophageal adenocarcinoma from non-
cancer controls (benign conditions, Barrett’s meta-
plasia and normal upper GI tract), with sensitivity 
and specificity of 87.5% and 82.9% respectively[62]. 
Interestingly, no differences in VOCs were detected 
between early and late stage cancers, or between 
tumour size and concentrations of VOCs.

Proton Transfer Reaction-Mass Spectrometry has 
recently been used to identify breath VOCs in a small 
study of Chinese esophageal cancer patients[63]. Although 
the study did not differentiate between esophageal 
squamous cell carcinoma and esophageal adeno-
carcinoma, the authors reported 20 ion peaks in the 
full mass spectra that were significantly different 
in cancer patients compared to healthy controls[63]. 
Using stepwise discriminant analysis, the authors 
identified seven ions that were highly discriminatory 
for esophageal cancer[63]. In contrast to the study by 
Kumar et al[62] the authors also suggested that their 
predictive model discriminated for early and late 
stage cancer. However, these interpretations should 
be carefully balanced against the small participant 
numbers used in the study.

CONCLUSION
Current diagnostic and surveillance procedures for 
esophageal cancer are invasive, expensive and ill-
adapted for early detection. Recent advances have 
been made in the development and validation of new 
minimally and non-invasive biomarkers for esophageal 
cancer. Although several novel serology markers 
have been investigated, these have not translated 
to validated clinical tools. Circulating anti-p53 and 

CTCs have shown the most promise as diagnostic 
and prognostic markers of esophageal cancer, with 
recent meta-analyses supporting their use. However, 
the absence of well-designed, robust clinical validation 
trials in large patient cohorts largely limits the power 
of these meta-analyses. This is highlighted by the lack 
of differentiation between esophageal squamous cell 
carcinoma and esophageal adenocarcinoma, despite 
distinct pathologies and molecular profiles.

Circulating miRNAs have emerged as promising 
new biomarkers of esophageal cancers. Despite their 
promise, several studies have limited their focus to 
esophageal squamous cell carcinoma, and small clinical 
cohorts, with many focussing on single miRNAs rather 
than combined approaches. Advances in bioinformatics 
have facilitated analysis of large, complex miRNA 
microarray datasets, and future studies are likely to 
employ combined approaches for miRNA analysis. 

The emerging field of breath and gas analysis for 
cancer detection represents a completely non-invasive 
approach to early detection, and ongoing screening of 
at risk individuals. With improvements in the sensitivity 
of VOC detection technologies, it is likely that the 
pool of possible breath and odorant biomarkers will 
significantly increase. Despite relatively few studies 
having investigated breath biomarkers in esophageal 
cancer, the initial predictive models have shown some 
promise. Moving forward in this rapidly developing 
field, it is critical that standardised approaches to the 
collection of breath samples are employed, to minimise 
study heterogeneity. Furthermore, with little evidence 
to support the biological origins of VOCs, mechanistic 
studies to better understand how VOCs are produced 
in cancer cells will help to improve the sensitivity and 
specificity of future tests. 

As the incidence of esophageal cancer continues 
to grow world-wide, new diagnostic and prognostic 
tools are needed to improve survival and direct clinical 
management. The advances being made in new 
minimally and non-invasive biomarkers represents a 
suite of ancillary tests that could stratify patients for 
endoscopic and other imaging modalities, ultimately 
leading to improved patient care. While it is unlikely 
that there will ever be a single “silver bullet” biomarker, 
the most likely scenario will be derived from predictive 
algorithms based on multiple biomarkers, which could 
also include combinations of blood and breath analysis.
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the silent information regulator 2 family, a group of 
Class Ⅲ histone/protein deacetylases. Sirtuins (SIRT 
1-7) have different subcellular localization and function 
and they regulate cellular protein function through 
various posttranslational modifications. SIRT1 and 3, 
the most studied sirtuins, use the product of cellular 
metabolism nicotinamide adenine dinucleotide as a 
cofactor to post-translationally deacetylate cellular 
proteins and consequently link the metabolic status of 
the cell to protein function. Sirtuins have been shown to 
play a key role in the development and rescue of various 
metabolic diseases including non-alcoholic fatty liver 
disease (NAFLD). NAFLD is currently the most chronic 
liver disease due mainly to high-calorie consump-
tion and lower physical activity. No pharmacological 
approach is available to treat NAFLD, the current 
recommended treatment are lifestyle modification 
such as weight loss through calorie restriction and 
exercise. Recent studies have shown downregulation of 
sirtuins in human as well as animal models of NAFLD 
indicating an important role of sirtuins in the dynamic 
pathophysiology of NAFLD. In this review, we highlight 
the recent knowledge on sirtuins, their role in NAFLD 
and their unique potential role as novel therapeutic 
target for NAFLD treatment. 

Key words: SIRT1; SIRT3; Sirtuins; Non-alcoholic fatty 
liver disease
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is a 
leading cause of chronic liver disease with no effective 
pharmacological therapy. The discovery of treatment 
is hindered by the insufficient understanding of the 
pathophysiology of the disease. Sirtuins are key players 
in hepatic carbohydrate and lipid metabolism, insulin 
signaling, and inflammation and hence may represent 
a novel therapeutic target for NAFLD. However, the 
particular role for each sirtuin, the cross talk between 
sirtuins in different cell compartments or within a given 
organelle, and the development of selective sirtuins 
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activators/inhibitors still need further investigation.
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INTRODUCTION
Non-alcoholic fatty liver diseases (NAFLD) is emerging 
as the leading cause of chronic liver diseases affecting 
one billion of people in the world. The current model for 
NAFLD pathophysiology, “the multiple-hit hypothesis”, 
characterizes NAFLD as the manifestation of both 
genetic and environmental factors, dysfunction of 
various organs and organelles, as well as the complex 
interaction between hepatocytes and other cells (e.g., 
Kupffer and stellate cells) in the liver[1]. Moreover, the 
liver is a hub for many metabolic pathways making 
NAFLD a multistage, progressive disease with systemic 
consequences. NAFLD is commonly associated with 
obesity, insulin resistance and enhanced risk of 
cardiovascular disease and mortality[2-6]. Importantly, 
cardiovascular diseases are the main cause of 
morbidity in NAFLD patients. High-calorie consumption 
and lower physical activity have contributed to the 
rise in the prevalence of NAFLD. To date, no approved 
pharmacological approaches are available to treat 
NAFLD, the current confirmed recommendations 
for NAFLD are lifestyle modifications such as weight 
loss through caloric restriction (CR) and increased 
physical activity[7-9]. Therefore, a pressing need for 
developing new novel pharmacological treatments, is 
still remaining. An inclusive pharmacological approach 
would be one that addresses the pathogenic complexity 
of NAFLD. Currently, sirtuins have been under intense 
investigation as a novel therapeutic target for the 
treatment of NAFLD. In this review, we summarize 
the current knowledge on the pathophysiology of 
NAFLD and on the sirtuins as a potential target for the 
treatment of NAFLD.

NAFLD PATHOPHYSIOLOGY
NAFLD is a spectrum of liver diseases that occurs 
in the absence of excessive alcohol intake or viral 
infection. It includes hepatic steatosis (> 5% of fat 
in the liver), nonalcoholic steatohepatitis (NASH, fat 
deposit with inflammation), cirrhosis and hepatocellular 
carcinoma[9-12]. NAFLD is currently the most widespread 
form of liver disease affecting 10%-30% of all ages 
from childhood to adult population, and is predicted 
to be the leading cause of liver pathology and liver 
failure in the coming years[13,14]. NAFLD is more pro-
minent in obese and insulin resistant individuals 

affecting 70%-90% in these populations[15,16]. NAFLD 
is also present in 10%-20% of the general pediatric 
population; this proportion increases to 50% in obese 
children in western society[13,17-22]. A more recent study 
suggests that metabolic derangements may start early 
in life, even in utero. Exposure to excess fuel in fetal 
life may result in NAFLD in the offspring[23,24].

Our understanding of the mechanisms involved 
in the pathophysiology of NAFLD are insufficient 
to pinpoint the major determinants involved in the 
development and progression of the disease and to 
develop therapeutic strategies for NAFLD. Studies 
on genetic and molecular factors involved in NAFLD 
clearly implicate lipid and glucose metabolism in the 
development of the disease. Moreover, functional 
studies implicate the different cell population in the 
liver as well as interaction between the liver, adipose 
tissue, gut and the muscle in the pathogenesis 
of NAFLD. In contrast to the “two-hit hypothesis” 
proposed by Day[25] in which hepatic accumulation of 
triglyceride (TG) (“1st hit”) sensitizes the liver to additional 
insults such as oxidative stress and pro-inflammatory 
cytokines (“2nd hit”) resulting in NASH. The current 
understanding, “the multiple parallel hypothesis”, 
refers to NAFLD as a systemic, multifactorial disease 
involving multiple organs, such as adipose tissue, 
muscle and the intestine, and organelles such the 
endoplasmic reticulum and the mitochondria.

Hepatic steatosis
Hepatic steatosis, which is previously considered as 
the benign form of NAFLD, results from an imbalance 
between influx of fatty acids to the liver from the 
diet, adipose tissue lipolysis or de novo lipogenesis; 
and their oxidation or export in the circulation as very 
low density lipoproteins (VLDL)[9]. Failure of insulin to 
suppress lipolysis in insulin resistant adipose tissue is 
commonly associated with NAFLD[26,27]. Moreover, it is 
estimated that in NAFLD patients, roughly 60% of fatty 
acids in the liver originate from adipose tissue, 25% 
from de novo lipogenesis, and 15% from the diet[28]. 
Interestingly, both β-oxidation of fatty acids in the liver 
and VLDL secretion, are initially upregulated in non-
alcoholic fatty liver in an attempt to compensate for 
the rise in fatty acids in the liver[29-32]. However, this 
short term compensatory mechanism is insufficient 
to sustain the ongoing influx of fatty acid to the liver 
leading to liver injury[30-32]. NASH patients have lower 
VLDL secretion and lower fatty acid oxidation (FAO) 
than patients with fatty liver[30,31].

Non-alcoholic steatohepatitis and fibrosis
Non-alcoholic steatohepatitis (NASH) is a more severe 
form of NAFLD that is generally defined by the presence 
of steatosis with inflammation and cellular damage. 
Fibrosis is commonly described as an irreversible 
scarring of liver tissue with excessive presence of 
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extracellular matrix. The presence of fibrosis is one 
of the most important predictors of NAFLD related 
mortality[10,33]. The current understanding of NASH 
pathogenesis follows a multiple hits model[34,35] that 
implicate multiple stressors. Lipotoxicity, endoplasmic 
reticulum stress, adipose tissue derived adipokines 
(TNFα and IL6), gut endotoxins and LPS produced by 
gut microbiota that drift into to the liver through the 
portal vein due to changes in the intestinal permeability 
in NAFLD, and oxidative stress trigger inflammatory 
response and progressive liver damage. Inflammation 
can sometimes precede steatosis, and patients with 
NASH can present without much steatosis suggesting 
that inflammation can sometimes occur first. Recent 
studies have also shown that individuals with hepatic 
steatosis may progress to fibrosis in a relatively 
short period of time (3-7 years)[36,37]. NAFLD patients 
may be classified into two categories, slow and fast 
progressors. The slow progressors may develop 
NASH but no fibrosis while the fast progressors may 
develop fibrosis and sometimes skip NASH stage of 
the disease[38]. Changes in mitochondrial function is 
an important mechanism that may drive the switch 
from hepatic steatosis to NASH. Several reports 
indicate that mitochondrial respiration is elevated in 
NAFLD patients[29,30]. However, in humans with NASH, 
respiration may be uncoupled from ATP production, 
causing significant increases in reactive oxygen species 
(ROS)[30]. Importantly, elevated ROS production was 
associated with an increase in detoxification and 
antioxidant capacity in hepatic steatosis, but not in 
NASH, indicating that mechanisms to cope with excess 
ROS generation may be insufficient in NASH[30].

ROLE OF SIRTUINS IN NAFLD
Sirtuins are a group of proteins that belong to the 
family of silent information regulator 2. Sirtuins have 
been shown, in recent years, to play an important role 
in the pathophysiology of various metabolic diseases 
including NAFLD[39]. Sirtuins are implicated in many 
cellular and physiological functions including hepatic 
glucose and fatty acid metabolism, mitochondrial 
function, hepatic gluconeogenesis, insulin secretion 
and the maturation of fat cells[40,41] as illustrated in 
Figure 1. Sirtuins regulate protein function through a 
growing list of posttranslational modification including 
deacetylation, succinylation and malonylation[42,43]. 
Seven mammalians sirtuins (SIRT1-SIRT7) have been 
identified and shown to share the same conserved 
NAD binding site and catalytic core domain but with 
different N and C termini[44]. The different sirtuins 
have various subcellular localization and expression[44]. 
SIRT 1, 6, and 7 are localized mainly in nucleus while 
SIRT 3, 4 and 5 are localized to the mitochondrial 
matrix and SIRT2 predominantly cytoplasmic[44]. 
Recent studies have shown reduced levels of most 
sirtuins in NAFLD. Direct evidence came from Wu 

et al[45] who demonstrated decreased expression of 
SIRT1, SIRT3, SIRT5, and SIRT6 in NAFLD patients 
compared to the control group. This was associated 
with increased expression of lipogenic genes including 
sterol regulatory element binding protein-1, fatty acid 
synthase, and acetyl-CoA carboxylase. In contrast 
to the other sirtuins, the expression of SIRT4 was 
upregulated in NAFLD patients[45]. Interestingly, in a 
recent study, Bruce et al[46] indicated that exposure 
to excess dietary fat during early and post-natal 
life increases the susceptibility to develop NASH in 
adulthood and this was associated with reduced 
sirtuin abundance. Offspring fed a high fat diet (HFD) 
developed NAFLD while HFD-fed offspring of mothers 
fed a HFD diet developed NASH in combination of 
reduced NAD+/NADH, SIRT1, SIRT3 and increased 
expression of genes involved in lipid metabolism[46]. 
SIRT1 and SIRT3 are the most studied sirtuins; we 
will focus mainly on these two sirtuins, their mode of 
action and their role in NAFLD.

Both SIRT1 and SIRT3 are NAD+-deacetylase that 
use NAD as a cofactor to deacetylate cellular proteins. 
Lysine acetylation is a reversible, dynamic reaction of 
adding acetyl groups to lysine residues. Acetylation 
affects all proteins in the cell and has recently been 
shown to be abundant in the mitochondria where it 
plays a key role in the dynamic regulation of proteins 
and thereby cell metabolism[43,47-54]. Dysregulation of 
lysine acetylation plays a pathogenic role in diverse 
conditions such as metabolic syndrome, aging, cancer 
and NAFLD[55-58].

SIRT1 and NAFLD
Studies from our group and others document strong 
involvement of the mitochondria in the pathogenesis 
of NAFLD[59-62]. SIRT3 is the most investigated mito-
chondrial sirtuin, while SIRT1 has been shown to be 
expressed in various metabolic tissues including liver, 
adipose tissue, skeletal muscle, pancreas and brain. 
SIRT1 plays a key role in the development of NAFLD 
through its involvement in the regulation of both lipid 
and carbohydrate metabolism[45,46,63-66]. Studies in mice 
and in cultured cells have characterized SIRT1 as a 
metabolic sensor that has the potential to improve 
NAFLD. 

Inhibition of SIRT1 signaling in human fetal he-
patocytes resulted in an increase in intracellular 
glucose and lipid levels with upregulation of de novo 
lipogenesis and gluconeogenesis related genes[66]. In 
mice, liver specific deletion of SIRT1 as well as SIRT1 
downregulation using small hairpin RNA resulted in 
hepatic steatosis, inflammation and endoplasmic 
reticulum stress[67,68]. Hepatocyte-specific deletion of 
SIRT1 impaired PPARα signaling and decreased FAO. 
However, SIRT1 overexpression increased levels of 
PPARα and increased FAO[67]. 

SIRT1 is reduced by HFD while CR resulted in 
an increase in hepatic SIRT1 expression and im-
provement in NAFLD histology[69]. Overexpression 

10086 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

Nassir F et al . Sirtuins as therapeutic target for NAFLD



10087 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

β-oxidation, and amino-acid metabolism and stress-
related pathways[73-77]. The protein is encoded by the 
nuclear genome and is translated as a 45-kDa protein 
with an N-terminal mitochondrial targeting sequence 
that is cleaved to give the 28-kDa enzymatically active 
protein[78]. SIRT3 is expressed in many tissues including 
the liver, adipose tissue, heart, brain and kidney[44]. 
Although SIRT3-KO mice are metabolically undis-
tinguishable from WT controls under basal conditions, 
they show increased hyperacetylation of mitochondrial 
proteins in the liver and the heart[54,74,75,79]. About 
65% of all mitochondrial proteins have at least one 
acetylated lysine[48,54,73]. SIRT4 and SIRT5 are also 
localized to the mitochondria and unlike SIRT3-KO 
mice, SIRT4 and SIRT5-KO mice did not display the 
global increase in hepatic mitochondrial acetylation 
observed in SIRT3-deficient animals. 

Mitochondria play a key role in the adaptation to 
CR and SIRT3 has been identified as an important 
regulator in CR-associated metabolic changes[54]. 
The expression of SIRT3 is considerably increased 
in response to CR or prolonged fasting[75,80,81]. SIRT3 
regulates the function of several mitochondrial proteins 
involved in oxidative phosphorylation, FAO, the urea 
cycle, and the antioxidant response system[73,75,82-85]. 
Unlike wild-type mice where FAO is upregulated with 
fasting, fasted SIRT3 deficient mice display reduced 
FAO and ATP production with increased hepatic TG 

of SIRT1 in mice provided protection against HFD 
induced hepatic steatosis through upregulation of 
FAO and downregulation of lipogenesis[64]. Moreover, 
treatment of mice fed a HFD with resveratrol (RSV), 
a polyphenol found in red wine and other plants, 
improved lipid metabolism, and decreased NAFLD 
and inflammation in the liver[70]. Interestingly, it has 
been documented that inhibition of SIRT1 signaling 
in human fetal hepatocytes resulted in an increase in 
intracellular glucose and lipid levels[66]. SIRT1 is also 
modulated in obesity. Recent studies have shown 
a correlation between plasma SIRT1 and NAFLD in 
obese patients. SIRT1 was significantly lower in an 
obese group with severe liver steatosis compared 
to a group with mild steatosis, and both groups had 
lower SIRT1 in the plasma compared to control lean 
patients[71]. Phenotypic similarities exist between 
CR and SIRT1 overexpression. Mice overexpressing 
SIRT1 are leaner and resistant to hepatic steatosis 
and insulin resistance[72]. Together, these studies 
indicate a potential therapeutic use of SIRT1 in hepatic 
steatosis[66].

SIRT3 and NAFLD 
SIRT3 is a soluble protein located in the mitochondrial 
matrix and has been shown as a major regulator of 
mitochondrial protein acetylation and function[44,73]. 
SIRT3 regulates carbohydrate metabolism, ketogenesis, 
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Figure 1  An illustration representing various sirtuins with summary findings for SIRT1, SIRT3, and SIRT4. NAFLD: Non-alcoholic fatty liver diseases; FAO: 
Fatty acid oxidation; HFD: High fat diet.
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content[75]. 
SIRT3 also regulates the acetylation levels of 

mitochondrial electron transport complex I and 
regulates ATP synthesis[77]. ATP levels were reduced by 
more than 50% in the heart, liver and kidney of mice 
lacking SIRT3[77]. Succinate dehydrogenase (SDH) 
(one of complex II subunits of the electron transport 
chain) has been identified as a direct target of 
SIRT3, suggesting a role of SIRT3 in the regulation of 
complex II[86,87]. Increased succinate concentrations is 
involved in hepatic stellate cells (HSCs) activation. The 
expression of SIRT3 and SDH activity are decreased in 
isolated liver and HSCs from methionine- and choline-
deficient (MCD) diet-induced NAFLD. Suppression of 
SIRT3 using siRNA exacerbated HSC activation while 
SIRT3 overexpression attenuated HSC activation 
in vitro[88]. Interestingly, liver- and muscle-specific 
SIRT3-KO mice show no detectable changes in their 
metabolic phenotype in response to HFD[89] suggesting 
more studies are needed to ascertain the role of tissue 
specific function of SIRT3[76,89].

Published studies document that both obesity 
and chronic HFD reduce SIRT3 activity, induce hy-
peracetylation of various mitochondrial proteins and 
impair mitochondrial function[58,75,90]. HFD has been 
shown to induce SIRT3 expression and FAO early after 
initiation of high-fat feeding[58]. However, chronic HFD 
suppress SIRT3 expression, increase mitochondrial 
protein acetylation, and ultimately reduce FAO. Wild 
type mice fed a HFD develop obesity, hyperlipidemia, 
type 2 diabetes mellitus, and NASH[91-93]. These 
effects of HFD feeding are significantly accelerated in 
SIRT3 deficient mice[58]. Our unpublished data also 
show that overexpression of SIRT3 rescues NAFLD in 
mice heterozygous for the mitochondrial trifunctional 
protein, an animal model of mitochondrial dysfunction 
generated by our group[94].

SIRT3-KO mice subjected to MCD diet exhibit 
increased serum ALT levels, increased hepatic content, 
higher expression of inflammatory and fibrogenic 
genes, and reduced (SOD2) activity. However, over-

expression of SIRT3 resulted in opposite effects sugge-
sting that SIRT3 ablation aggravates MCD induced 
NASH while SIRT3 overexpression alleviates the MCD 
induced phenotype[95].

Palmitate modulated oxygen consumption and 
enhanced ROS levels and apoptosis in SIRT3 deficient 
mouse primary hepatocytes and SIRT3 siRNA-depleted 
hepatocytes[96]. Recent studies using HFD induced 
NAFLD in mice identified a differentially expressed 
microRNA (miRNA) in livers of NAFLD mice compared 
with controls. The expression of miRNA-421 was signi-
ficantly upregulated in mice with NAFLD and SIRT3 was 
identified as target for this micro-RNA. Overexpression 
of miRNA-421 in hepatocytes decreased SIRT3 and 
FOXO3 protein levels, and reduced oxidative damage 
while suppression of this miRNA had opposite effects[97]. 
Interestingly, exposure of fetuses to maternal obesity 
contributes to early perturbations in whole body and 
liver energy metabolism, and this was associated 
with reduced SIRT3 and reduced hepatic FAO. These 
findings suggest that changes in SIRT3 activity precedes 
the development of obesity associated insulin resistance 
and NAFLD in the offspring[98]. 

Sirtuins activators and inhibitors
Weight loss through CR and exercise have been shown 
to improve insulin resistance and inflammation. Based 
on the beneficial effect of CR on NAFLD and other 
diseases and the associated increase in sirtuins levels 
or activity, the development of molecules that activate 
or inhibit sirtuins is of great interest[99].

The discovery of selective and potent sirtuins 
activators and inhibitors is still in its early stages. 
A list of Sirt1 activators that were tested in human 
and animal NAFLD is shown in Table 1[100-114]. RSV, a 
natural polyphenol found in grapes and other plants, 
mimicks CR and enhances sirtuins activity[102,109]. 
However, due to its poor bioavailability, reformulated 
forms of RSV-related compounds have been developed 
such as resVida, Longevinex®, SRT50 along with 
other RSV unrelated molecules such as SRT1720, 
SRT2104, and SRT2379. The formulated form of RSV 
resVida (150 mg/d RSV) showed beneficial effects, 
similar to CR effect, in healthy obese men including 
reduced intrahepatic lipid, plasma glucose, TG, alanine-
aminotransferase and inflammation markers[104]. 
SRT1720 was the most potent SIRT1 activator; it 
enhanced SIRT1 activity by 750% at 10 μmol/L al-
though other studies by Pacholec et al[106] concluded 
that neither SRT1720 nor RSV are direct activators 
of SIRT1 and one study reported that RSV does 
not have beneficial effects in NAFLD patients[112]. 
Administration of SRT1720 to diet-induced obesity 
rodent models protected from obesity and insulin 
resistance by enhancing oxidative metabolism in 
the liver, muscle, and adipose tissues[105,107,111]. As 
in CR, SIRT1720 induced mitochondrial biogenesis, 
increase mitochondrial respiration and ATP levels[110]. 

Table 1  Published SIRT1 activators

SIRT1 activators Ref.

Resveratrol Howitz et al[109], 2003
Wood et al[102], 2004

Timmers et al[104], 2011
Smith et al[105], 2009
Milne et al[107], 2007
Amiot et al[113], 2013

Yoshino et al[100], 2012
Chachay et al[112], 2014

SRT1720 Feige et al[111], 2008
Funk et al[110], 2010 

Yamazaki et al[101], 2009
Pacholec et al[106], 2010

SRT2104 Libri et al[108], 2012
Venkatasubramanian et al[103], 2013

Hoffmann et al[114], 2013 
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Moreover, SRT1720 reduced levels of hepatic liver 
content and aminotransferase and the expressions of 
lipogenic genes[101]. Recent studies, however, indicate 
that the activation of SIRT1 by RSV is indirect and 
is mediated by activation of AMPK[40,115]. Sirtuins are 
themselves regulated by the cofactor NAD+ as well 
as their reaction product nicotinamide (NAM) from 
NAD+. NAM (the amide form of vitamin B3, nicotinic 
acid) is a water-soluble sirtuin inhibitor. NAM binds 
to a conserved region in the sirtuin catalytic site and 
favors a reverse reaction instead of the deacetylation 
reaction[116]. Computational studies indicate that NAM 
inhibition of SIRT3 involves apparent competition 
between the inhibitor and the enzyme cofactor NAD+ 
while the inhibition of other sirtuins activity was non-
competitive[117]. More detailed review on sirtuins 
inhibitors and activators is found in[99,118]. More studies 
are needed to develop more potent and specific 
activators and inhibitors of sirtuins activity.

CONCLUSION
Sirtuins represent potential targets for treatment of 
NAFLD due to the role they play in cellular pathways 
involved in hepatic lipid and carbohydrate metabolism, 
insulin signaling, and inflammation. Additional studies 
are urgently needed to further our understanding of 
the interaction among various sirtuins in NAFLD and to 
develop selective activators/inhibitors of sirtuins.
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gastrointestinal problems such as abdominal pain, 
constipation and diarrhea. In recent years, there has 
been a growing interest in the use of probiotics in this 
population, as it hypothetically may help to improve 
bowel habits and the behavioral and social functioning 
of these individuals. The gut microbiome plays an 
important role in the pathophysiology of organic as 
well as functional gastrointestinal disorders. Microbial 
modification with the use of antibiotics, probiotics, 
and fecal transplantation have been effective in the 
treatment of conditions such as recurrent Clostridium 
difficile  infection, pouchitis, and irritable bowel 
syndrome. The present review presents a number 
of reported clinical, immunological and microbiome-
related changes seen in children with autism compared 
to normally developed children. It also discusses gut 
inflammation, permeability concerns, and absorption 
abnormalities that may contribute to these problems. 
Most importantly, it discusses evidence, from human 
and animal studies, of a potential role of probiotics in 
the treatment of gastrointestinal symptoms in children 
with autism.

Key words: Microbiome; gastrointestinal; Inflammation; 
functional bowel disease; probiotics; autism

© The Author(s) 2016. published by Baishideng publishing 
group Inc. all rights reserved.

Core tip: Important new information has identified an 
abnormal intestinal microbial community in children 
with autism, an abnormality reported in many gastro-
intestinal (gI) conditions, including inflammatory bowel 
disease and irritable bowel syndrome (IBS). There 
is a complex interplay in these conditions between 
gI function (motility, secretion, permeability), the 
immune system, and the microbiota. Many parents of 
children with autism complain of gI symptoms, and 
they administer probiotics, a treatment which has 
been found to be safe and effective for adults with 
IBS. future investigations are needed to determine if 
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probiotic treatment would benefit the symptoms and 
behavior of these children.

Navarro F, Liu Y, Rhoads JM. Can probiotics benefit children 
with autism spectrum disorders? World J Gastroenterol 2016; 
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com/1007-9327/full/v22/i46/10093.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i46.10093

IntroductIon
The influence of the enteric microbiota on the human 
body has only started to be unveiled. Its impact is 
wide, as it has been shown to affect a number of 
processes including the immune response, metabo-
lism, and neurologic function[1-3]. The disruption of the 
normal commensal microbial community in humans, 
also called “dysbiosis”, is associated with an increas-
ing number of disorders such as inflammatory bowel 
disease, irritable bowel syndrome, obesity, hyperten-
sion, diabetes, and autism[4-8]. The aim of the present 
review is to synthetize current data on the association 
between microbiota dysbiosis and autism, and to 
assess if its modification could have a beneficial effect 
in children with autism.

GastroIntestInal abnormalItIes In 
autIsm
Autism is a neurodevelopmental disorder which affects 
social interaction, verbal and non-verbal communica-
tion, and behavior. A recent report from the Centers for 
Disease Control and Prevention indicates a rise in the 
prevalence of autism in children to one in 68 children 
in the United States (78% increase since 2007)[9].

Children with autism spectrum disorders (ASD) are 
among the populations that are most often referred to 
the Pediatric Gastroenterology clinic. During a two-year 
period, 3% (121/4013) of children seen by 4 pediatric 
gastroenterologists for various abdominal complaints 
in our clinic had an underlying ASD (C. Bearden, U.T. 
Bioinformatics, personal communication 9-24-2016). 
The true prevalence of gastrointestinal symptoms 
(GIS) in ASD is not known, but available data suggest 
a figure approximately 40%[10]. Wang et al[11] reported 
data obtained from families with children with ASD 
registered in the Autism Genetic Resource Exchange 
(AGRE). In their study of 589 affected children, 42% 
had GIS. Increased autism symptom severity was 
associated with higher odds of having GIS[11]. Abdomi-
nal pain, constipation, diarrhea, nausea, and bloating 
were the most common symptoms. In the largest 
study, Mazurek et al[12] reported that of 2973 children 
in an ASD network, 42% reported GIS lasting > 3 
mo. A wide range of gastrointestinal (GI) problems 
have been reported, including feeding abnormalities, 

gastroesophageal reflux, abdominal pain, diarrhea, 
fecal incontinence, constipation, and alternating diar-
rhea and constipation have been reported in one out 
of three children in the autism spectrum[13,14]. More 
recently, based on a large epidemiological study, 
eosinophilic esophagitis in children with ASD and 
dysphagia has been added to the list of disorders with 
increased risk in this population, compared to the gen-
eral population[15]. This group of children with autism 
reportedly also has severe anxiety, irritability and social 
withdrawal symptoms, which may overshadow their GI 
complaints[16].

Some researchers such as Pusponegoro et al[17] 
have reported no differences between children with 
autism and controls with regard to gastrointestinal 
symptoms, intestinal inflammation (based on fecal 
calprotectin), microbiota (based on urinary D-lactate) 
or intestinal permeability (based on urinary lactu-
lose/mannitol ratio). However, this group reported an 
increased urinary I-FABP (marker of enterocyte dam-
age) in children with autism who had severe behavioral 
abnormalities, compared with autistic children with 
mild maladaptive behavior and compared with normal 
children[17].

InflammatIon hypothesIs
A number of recent studies have suggested that the 
GIS in ASD may be a manifestation of an underly-
ing inflammatory process. Systemic inflammation 
has been suggested by an excessive accumulation 
of receptors for advanced glycation end products 
(RAGE) in blood and their proinflammatory ligand 
S100A9 in the plasma of individuals with ASD[18]. The 
level of S100A9 in plasma correlated with the autism 
severity score. Another study hypothesized that the 
inflammation may be pathophysiologically related to 
an abnormal microbiota. They compared the metage-
nomic profile of ileal and colonic biopsies in children 
with ASD, ulcerative colitis (UC), and Crohn’s disease 
(CD). These investigators found that the transcriptome 
profiles of these tissues of children with ASD segre-
gated apart from normal controls and alongside those 
with CD and UC when they used principal components 
analysis, as would be seen with an inflamed colon[19]. 
However, the authors did not identify why these tissues 
of ASD children had different transcriptional profiles; for 
example, they did not look for evidence of inflammation 
by assessing serum cytokines or fecal inflammatory 
markers such as calprotectin or interleukin-8. Other 
groups studying ASD have failed to show changes in gut 
biopsy cytokine levels[20] or changes in fecal calprotec-
tin[21]. One must keep in mind that these studies were 
small, and measurable abnormalities were observed in 
a significant subset of with ASD (approximately 25% of 
those studied).

Enhanced T cell activation, heightened immuno-
globulin and cytokine profiles, as well as histologic 
changes assessed in intestinal biopsies such as infiltra-
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tion of lymphocytes, monocytes, natural killer cells 
and eosinophils have been described in children with 
autism[22-26]. These findings can be present in other 
gastrointestinal conditions such as food allergies and 
immunodeficiency[27]. In contrast, other laboratory 
measures of intestinal health, such as fecal levels of 
calprotectin, lactoferrin, secretory IgA, and elastase 
have found to be normal in children with autism[21,28]. 
In addition, reports of intestinal permeability (IP) in 
children with autism have been conflicting. Studies 
have reported abnormal IP in these children compared 
to controls[29,30]. Some have also reported increased 
IP to occur in first degree relatives of patients with 
autism et al[31]. In contrast, our group as well as others 
(mostly in small series) have found that the intestinal 
permeability of children with autism was not different 
from normal controls[17,32-34].

A recent report indicated that children with autism 
also have an abnormal carbohydrate digestion based 
on significant decrease in the expression on their 
intestinal biopsies of disaccharidases (sucrose-iso-
maltase, maltase-glucoamylase, and lactase), as well 
as the hexose transporters (SGLT1 and GLUT-2)[35], 
a finding which agreed with a previous uncontrolled 
study[36]. This finding was not supported by extensive 
observations of Kushak et al[37] from a center that 
performs many intestinal biopsies. These investigators 
had originally found that more than half of a group 
of children with autism had low levels of the enzyme 
lactase in duodenal biopsies[38]. However, in a follow-
up study which included neurotypical controls, mucosal 
disaccharidase activity was not different comparing 
autistic and nonautistic individuals. Interestingly, even 
though the disaccharidases were within the normal 
range, the investigators found that children with ASD 
had evidence of mucosal inflammation on intestinal 
biopsy. Standard fecal indicators of gut inflammation, 
fecal calprotectin and lactoferrin were similar in both 
groups. A measure of gut permeability, lactulose/
rhamnose ratio in urine after oral administration, was 
also not statistically different in patients with and with-
out autism. Larger controlled studies are required to 
determine if the gastrointestinal symptoms in children 
with autism are in fact related to reproducible, “organic” 
findings, such as intestinal inflammation, to differen-
ces in nutrient digestion, or to an abnormal intestinal 
permeability[27].

functIonal bowel dIsease 
hypothesIs
Gastrointestinal symptoms in ASD may be simply a 
reflection of sensory over-responsivity to abdominal 
signals. However, in the authors’ opinion, the most 
common gastrointestinal complaints in children with 
ASD resemble those of adults and teens with func-
tional bowel diseases such as irritable bowel syndrome 
(IBS). Irritable bowel syndrome is characterized by 

symptoms of diarrhea and/or constipation, typically 
with the relief of pain accompanying the passage of a 
stool, symptoms which fulfill the Rome Ⅲ criteria[39]. 
Many children with ASD have diffuse abdominal pain 
and an irregular stool pattern with either diarrhea or 
constipation, or alternating diarrhea and constipation. 
We have postulated that a significant proportion of 
children with ASD and chronic GIS, have a form of IBS. 
However, the Rome Ⅲ criteria are validated in adults 
with normal IQ but are somewhat difficult to apply to 
normal children, and even more so in those with ASD. 
When compared to GI symptom scores in ASD, which 
have been useful but are not validated, there is much 
broader experience in quantifying autistic behavior 
changes, such as irritability as measured by the Aber-
rant Behavior Checklist[40]. As mentioned, studies have 
shown that the presence and severity of GI symptoms 
correlate with the severity of underlying autism[11,28,41].

Gut mIcrobIome In autIsm
Trillions of microbes and 500-1000 species of microor-
ganisms are natural inhabitants of our gastrointestinal 
tract, wherein the phyla firmicutes, bacteriodetes, 
and actinobacteria are the most common. Anaerobic 
bacteria, yeasts, viruses, and bacteriophages (viruses 
which reside and proliferate within bacteria) also influ-
ence the gut microbial diversity[42,43]. The gut microbi-
ome has a symbiotic interaction with the various organ 
systems of our body, and it is known to contribute to 
many GI functions, such as maintaining the integrity of 
the epithelial barrier, stimulating immune interactions, 
participating in gastrointestinal motility, and regulat-
ing drug and nutrient metabolism[44]. This normal 
interaction can be disturbed by a number of events, 
such as infections, gastrointestinal diseases, dietary 
changes, and neurologic disorders. Drugs such as acid 
suppressants, antibiotics, and corticosteroids have also 
been reported to perturb this homeostatic equilibrium. 
This dysbiosis contributes to the pathophysiology of 
many gastrointestinal conditions such as inflammatory 
bowel disease, functional gastrointestinal disease, food 
allergy, obesity, and liver disease[45].

The enteric microbiome of children with ASD is dif-
ferent from that of typically developed children. Abnor-
mal colonization could be related to diverse factors, 
including a more restricted diet and exposure to more 
antibiotic early in life. For example, two studies found 
that children with ASD were more likely to be treated 
with antibiotics for otitis media[46,47]. Finegold et al[48] 
reported different levels of bacterial phyla in children 
with ASD by pyrosequencing. When comparing autistic 
children with controls there were changes in phyla 
firmicutes (63% vs 39%, respectively), bacteriodetes 
(30% vs 51%), actinobacteria (0.7% vs 1.8%), and 
proteobacteria (0.5% vs 3.1%)[48]. In a different study, 
this same group also reported the presence of non-
spore-forming anaerobes and microaerophilic bacteria 
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in gastric and duodenal aspirates from children with 
autism, organisms which were not present in control 
children[48].

As mentioned, a less diverse microbial community 
in gut of children with autism with lower levels of some 
genera (prevotella, Coprococcus and Veillonellaceae) 
has been reported. Interestingly, these particular spe-
cies are known to be versatile carbohydrate metaboli-
zers; and in a controlled trial, reduced colonization 
correlated with autistic symptoms but not with diet 
pattern[49]. Other differences in individuals with ASD 
include the overgrowth of Clostridium species, includ-
ing Clostridium histolyticum (linked to the presence of 
GI symptoms in one study), and low levels of Bifido-
bacteria, a species known to have anti-inflammatory 
effects[48,50,51].

Overgrowth of other bacteria such as Desulfovibrio 
species has also been found in children with autism 
and their relatives, compared to controls[52]. Addition-
ally, higher levels of Caloramator, Sarcina, alistipes, 
akkermansia, Sutterellaceae and Enterobacteriaceae 
were found in children with autism compared with 
typically developed children[53,54]. Kang et al[49] reported 
a less diverse fecal microbiome by pyrosequencing of 
16S rDNA in children with autism. Despite these stud-
ies, it should be noted that when bacteria tag-encoded 
pyrosequencing was used, Gondalia et al[55] did not find 
differences in the gut microbiome, comparing children 
with autism with their siblings.

Much work needs to be done in determining the 
metabolic consequences of an abnormal microbiota in 
ASD. Bacterial by-products are the likely mediators of 
systemic effects that could lead to alterations in the 
children’s behavior. Some investigators have hypoth-
esized that the abnormal microbiota in children with 
ASD produces changes in behavior via a mechanism 
involving excessive production of short chain fatty 
acids (SCFA), such as propionate and butyrate, which 
represent the major anions of human feces. These 
SCFA can produce behavioral changes in rodents when 
injected into the brain ventricles or systemically via 
intermediates such as p-cresol that alter dopamine 
metabolism[56]. Ongoing investigations have begun to 
highlight the importance of SCFA in ASD[57,58].

tarGetInG the Gut mIcrobIome 
as a potentIal treatment for 
chIldren wIth autIsm
Probiotics
The internationally accepted definition of probiotics 
is “live microorganisms which when administered 
in adequate amounts confer a health benefit on the 
host”. Dietary prebiotics are “selectively fermented 
ingredients that allows specific changes, both in the 
composition and/or activity in the gastrointestinal 
microflora that confers benefits upon host well-being 
and health”. The potentially synergistic combinations of 
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pro- and prebiotics are called synbiotics[59]. Functional 
bowel disorders (including IBS, functional abdominal 
pain, functional dyspepsia, and cyclic vomiting syn-
drome) are the most common conditions leading to 
referral of children to the pediatric gastroenterology 
clinic[60]. Recent evidence suggests that an abnormal 
fecal microbiota may play a causal or contributory role 
to IBS in adults[61] and children[62].

In adults with a functional GI disorders, there is 
accumulating evidence for a beneficial effect of probiot-
ics. Evidence for probiotic efficacy in IBS now includes 
23 randomized controlled trials (RCTs) (2575 patients) 
and the demonstration of improvement in global 
symptoms, abdominal pain, bloating and flatulence; 
however there was heterogeneity among the studies 
and authors concluded the optimal probiotic has not 
been identified[63]. In the most recent meta-analysis, 
which included 21 RCT’s, a 1.82-fold (CI: 1.27-2.60) 
relative rate of improvement vs placebo was noted[64]. 
Fewer studies have been done in children; the only 
systematic review concluded that 4 probiotics were 
associated with improvement in symptoms in children 
with IBS: L. rhamnosus GG, L. reuteri DSM 17938, 
VSL#3, and a combination probiotic containing 3 
Bifidobacteria[65].

The differences in the gut microbiome comparing 
autistic and typically developed children described in 
the previous section may provide a clue to the cause 
for GI symptoms. One early study of vancomycin, a 
poorly absorbed antibiotic known to destroy Clostridia 
and other gram positive organisms, demonstrated an 
improvement in diarrhea and more normal behavior, 
as evidenced by videotape, when vancomycin was 
given short-term[66]. As mentioned, the gut microbi-
ome can be altered by the use of antibiotics, prebiot-
ics, probiotics, or synbiotics (prebiotics plus probiotics) 
administered by physicians or parents to ameliorate 
symptoms in children with ASD[57,67-69].

Virtually all of the GI functions postulated to be 
impaired in ASD have been shown to be improved by 
probiotics in animal studies. For example, we previous-
ly found that a human breast milk and gut commensal, 
Lactobacillus. reuteri, when fed daily, reduced lipopoly-
saccharide (LPS)-induced intestinal inflammation[70]. In 
newborn rat pups, another probiotic, Bifidobacterium 
bifidum reduced gut permeability across the tight 
junctions that “seal together” the epithelial cells in a 
model of necrotizing enterocolitis[71]. A recent study by 
Buffington et al[72], which aimed to study mechanisms 
of abnormal behavior in autism, utilized a maternal 
high fat diet to induce abnormal social (withdrawal) 
behavior in the offspring. It is worthy to mention that 
in humans, too, maternal obesity[73,74], and maternal 
diabetes[75] been shown to be linked to autism in the 
offspring. In the mice, high-fat maternal diet produced 
changes in neurotransmission in the hypothalamus 
of the newborns. Abnormal behavior was found to be 
correctable by co-housing “autistic pups” with normal 
infant pups whose mothers did not take a high fat diet, 
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Table 1  Evidence supporting a role for probiotics in treating gastrointestinal symptoms in autism spectrum disorders

indicating a microbial effect which was evidenced by 
a change in microbiota. Following this hypothesis, the 
authors found that by administering a probiotic, Lacto-
bacillus reuteri, the antisocial behaviors and aberrant 
neurotransmission could be reversed[72].

The lay press and internet have certainly embraced 
the concept that gut bacteria are linked to autism. A 
particularly fascinating recent publication from Pärtty 
et al[76] randomized 75 infants at birth to a supplement 
of Lactobacillus rhamnosus GG (LGG) or placebo for 
the first 6 mo of life and measured microbiota and 
psycho-behavioral diagnoses 2 and 13 years later. 
They found no major changes in microbiota. However, 
at the age of 13, 17% of the children treated with 
placebo had attention deficit disorder or Asperger’s 
syndrome, compared to none who received LGG.

Recent reviews concluded that probiotics should be 
studied in children with ASD[50,77]. Our interpretation 
of the rationale for probiotic investigation in ASD is 
summarized in Table 1. However, it is controversial 
whether oral probiotics can produce positive effects 
in such a complex condition. Currently available 
probiotics are mainly aerobic, derived from milk 
cultures, not normally a significant part of the human 
gut microbiome which are primarily anaerobic; and 
they are short-lived in the human gut. Kristensen 
et al[78] looked at normal humans given probiotics and 
showed in a meta-analysis of 6 RCTs limited to adults 
that there was no change in alpha-diversity (number 
of species) or evenness with probiotic treatment. 
One trial did show a change in beta-diversity (relative 
contributions of the various species)[78]; however, 
virtually all studies which have shown changes in fecal 
microbial composition during probiotic administration 
were done in babies, for example preterm infants[79,80]. 
One study that did show that a probiotic could alter 
the fecal microbiota focused on older children with 
cystic fibrosis[81] and another showed changes in adults 
with alcoholic cirrhosis[82]. Most of these trials used 
quantitative polymerase chain reaction (PCR), rather 
than 16S ribosomal RNA gene sequencing. Using 16S 
rRNA techniques, we[83] and others[78] have not shown 
differences in microbial composition in adults treated 
with probiotics. The same lack of effect on the infant’s 

fecal microbiome was observed in a number of studies 
of infants whose mothers were treated with probiotics 
before birth and/or during breast feeding[84-86].

Therefore, alternative mechanisms may account 
for potentially beneficial effects of probiotics in IBS and 
possibly ASD. An important alternative mechanism by 
which a probiotic be beneficial is via the metabolites 
that these organisms release in the gut lumen which 
may reach the circulating blood. A number of studies 
have shown abnormal fecal metabolites, such as 
short chain fatty acids (SCFA) related to changes in 
microbiota[87]. Para-cresol (a phenolic compound) has 
been suggested to be a urinary marker for autism[88], 
especially in those with constipation and ASD[89]. In a 
mouse model of autism induced by maternal immune 
activation, autistic behaviors such as communication 
abnormalities, stereotypies, and anxiety behaviors 
were associated with abnormal serum metabolities 
produced by the microbiota, including 4-ethylphenyl 
sulfate (the major metabolite) and p-cresol (to a 
lesser extent)[57]. These abnormalities and some of 
the behaviors were improved by giving orally a human 
commensal b. fragilis (not traditionally viewed as a 
probiotic). In a biomarker discovery study in 52 young 
children with ASD who were compared to neurotypical 
controls, a number of plasma markers were found to 
be altered, many of them were directly related to mito-
chondrial metabolism. These included elevated succinic 
acid, aspartate, glutamate, and aminoisobutyrate and 
decreased citric acid, isoleucine, and creatinine[90].

Despite these gaps in our knowledge regarding “if 
and why” probiotics may work in autism, in a recent 
survey of more than 500 physicians who treat children 
with autism, 19% reported using probiotics[91]. Many 
autism websites also advocate treatment of children 
with ASD with probiotics. These recommendations 
are not evidence-based. A recent review summarized 
the existing 4 trials of probiotics for ASD[92]. There 
were methodological difficulties in most; for example, 
one was a case-control study that had a high risk of 
selection bias which showed improvement in mental 
concentration (but not in behavior) in ASD patients 
treated with Lactobacilus acidophilus[93]. Another man-
uscript which was included as part of a retrospective 
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Clinical symptoms Ref.

Children with ASD have an abnormal fecal microbiota [28,35,48,51,54,98-100]
GI symptoms common in ASD are similar to those in IBS [11,12]
IBS also is associated with an abnormal fecal microbiota [61,62,101]
Meta-analysis shows IBS symptoms are improved by probiotic treatment. (Preliminary evidence suggests potential benefits in 
ASD in children and rodents models.)

[65,72,102-104]

Mild inflammation in the GI tact may be seen in children with ASD. (There is evidence to support or refute this contention: 
abnormal duodenal and ileal biopsies and high plasma S100A9 but normal fecal calprotectin and lactoferrin levels)

[19,22-26,31,37]

Probiotics reduce gut inflammation (Shown in animal models and in human diseases) [70,105-108]
Systemic inflammation can be also seen in children with ASD [18,109-111]
Immune modulation of children with ASD may reduce clinical symptoms [41,112]

ASD: Autism spectrum disorders; GI: Gastrointestinal; IBS: Irritable bowel syndrome.
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case-cohort analysis, reported that probiotic treatment 
improved an autism treatment evaluation checklist, 
although the authors did not report which probiotics 
were given and which dose[28]. A third study was a 
double-blind placebo-controlled crossover trial which 
reported reduced disruptive behavior, anxiety and 
communicative disturbance when the children were on 
probiotic (Lactobacillus plantarum) but is not readily 
available in reference libraries[94]. A 4th study reported 
beneficial effects of a 4-mo treatment with a combina-
tion probiotic (comprising 3 Lactobacilli, 2 Bifidobacilli, 
and 1 Streptococcus species). In this latter study, the 
probiotic increased the qPCR-determined ratio of fecal 
bifidobacilli to firmicutes and total Lactobacilli, while 
reducing fecal Clostridia and fecal tumor necrosis 
factor (TNF)-alpha levels. This latter study did suggest 
beneficial effects on the microbiome, although effects 
of this combination probiotic on autistic behaviors were 
not reported[77].

Fecal microbiota transplantation
In children and adults with severe gastrointestinal 
diseases, such as Clostridium difficile (C. difficile)-
associated colitis or inflammatory bowel disease, fecal 
microbiota transplantation (FMT) had the potential for 
more significant and prolonged effects. FMT was effec-
tive in many cases of antibiotic-associated C. difficile 
colitis and is now used around the world for severe 
or multiply recurrent C. difficile infection, and it may 
have a role in the treatment of inflammatory bowel 
disease (particularly Crohn's disease) and autoimmune 
conditions. However, fecal transplantation carries many 
risks, including aspiration, transmission of norovirus, 
bacteremia, induction of obesity, and possible trans-
mission of autoimmune conditions, including rheuma-
toid arthritis and Sjogren’s syndrome[95,96]. We do not 
believe this treatment will have a role in the treatment 
of gastrointestinal symptoms in autism, although 
there may be successful reductionist approaches, 
for example combinations of defined communities of 
culturable commensal organisms, such as those used 
in the “RePOOPulate” studies in Canada, in which 33 
carefully selected isolates from healthy donors were 
able to eradicate C. difficile from patients who had 
encountered multiple recurrences[97].

conclusIon
Gastrointestinal symptoms in children with autism 
are common and are often linked to the children’s 
abnormal behavior and social interactions. Probiotics 
are hypothesized to positively impact gut microbial 
communities and alter the levels of specific potentially 
harmful metabolites in children with ASD. Whether 
probiotics improve behavior and these markers has yet 
to be determined. Although the evidence presented 
in this review does not confirm benefit of probiotics 
in this population, it provides a solid rationale for the 

design of larger prospective trials.
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Abstract
The use of thiopurines in inflammatory bowel disease 
(IBD) has been examined in numerous prospective, 
controlled trials, with a majority demonstrating a 
clinical benefit. We conducted this review to describe 
the historical and current evidence in the use of thio-
purines in IBD. A systematic search was performed on 
MEDLINE between 1965 and 2016 to identify studies 
on thiopurines in IBD. The most robust evidence for 
thiopurines in IBD includes induction of remission in 
combination with anti-tumor necrosis factor (anti-
TNF) agents, and maintenance of remission and post-
operative maintenance in Crohn’s disease. Less evi-
dence exists for thiopurine monotherapy in induction 
of remission, maintenance of ulcerative colitis, chemo-
prevention of colorectal cancer, and in preventing 
immunogenicity to anti-TNF. Evidence was often limited 
by trial design. Overall, thiopurines have demonstrated 
efficacy in a broad range of presentations of IBD. 
With more efficacious novel therapeutic agents, the 
positioning of thiopurines in the management of IBD 
will change and future studies will analyze the benefit 
of thiopurines alone and in conjunction with these new 
medications.

Key words: Inflammatory bowel disease; Ulcerative 
colitis; Crohn’s disease; Thiopurines; Mercaptopurine; 
Azathioprine

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In this review, we systematically describe 
the historical and current evidence in the use of thio-
purines in inflammatory bowel disease (IBD). The 
most robust evidence for thiopurines in IBD includes 
induction of remission in combination with anti-tumor 
necrosis factor agents, and maintenance of remission 
and post-operative maintenance in Crohn’s disease. 
With more effective and newer therapeutic agents, the 
positioning of thiopurines in the management of IBD 
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will change. Future studies should examine the benefit 
of thiopurines alone and in conjunction with these 
novel agents.

Axelrad JE, Roy A, Lawlor G, Korelitz B, Lichtiger S. 
Thiopurines and inflammatory bowel disease: Current evidence 
and a historical perspective. World J Gastroenterol 2016; 
22(46): 10103-10117  Available from: URL: http://www.wjgnet.
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INTRODUCTION
Historically, the use of thiopurines, mercaptopurine and 
azathioprine, purine antagonists which inhibit DNA and 
RNA synthesis (Figure 1), in the treatment of inflam-
matory bowel disease (IBD) was based upon their 
efficacy in other autoimmune disorders, including sys-
temic lupus erythematous and rheumatoid arthritis[1]. 
The efficacy of thiopurines in both Crohn’s disease 
(CD) and ulcerative colitis (UC) has been documented 
in prospective, double-blind, placebo-controlled trials, 
with data supporting their beneficial therapeutic effects 
in inducing and maintaining disease remission, post-
operative maintenance in CD, and chemoprevention of 
colorectal cancer (CRC)[2-6]. In addition, the medication 
has taken on an important role in conjunction with 
anti-tumor necrosis factor (TNF) therapy by interfering 
with antibody production[7].

Despite this evidence demonstrating the efficacy 
of thiopurine agents, there exists a hesitation with 
their clinical use. This may be based upon the fact 
that some of the trials were withdrawal designed[8], 
pediatric-based[9], recruited a small number of patients, 
or utilized a scoring system not universally accepted[10]. 
Furthermore, their role in infectious as well as malignant 
complications has been scrutinized.

In this review, undertaken after the passing of 
Dr. Daniel Present, we will review the historical basis, 
current evidence, and clinical experience in the use 
of thiopurines at various stages of IBD. We will also 
comment on how its use has changed over time 
and postulate on its positioning in the future. Lastly, 
this review will be accompanied by an experience 
overview by Dr. Daniel Present and Dr. Burton Korelitz, 
co-investigators on the seminal paper on the use of 
thiopurines in IBD[10].

For completeness, we conducted a systematic 
electronic search for relevant full-text articles in 
English using the MEDLINE database between January 
1, 1965 and January 1, 2016. We used search terms 
associated with IBD and thiopurines, including “inflam-
matory bowel disease”, “Crohn’s disease”, or “ulcerative 
colitis” in combination with “thiopurines”, “azathioprine”, 
“mercaptopurine”, and “6-mercaptopurine”. Reference 
lists from retrieved studies and review articles were 
examined to identify additional studies of relevance. 

Preference was given to high impact articles with 
randomized trial designs.

THIOPURINES FOR INDUCTION OF 
REMISSION IN CD
A number of controlled clinical trials have investi-
gated the efficacy of thiopurines in the treatment of 
active CD. The results of the four earliest trials were 
published in the 1970s[11-14]. The first three studies 
investigating azathioprine were small (enrolling 12-16 
patients), utilized varying doses of drug (ranging from 
2 to 4 mg/kg/d), and followed patients for a maximum 
of 24 wk. The response rates in these studies varied 
from 36%-100%. The largest of these initial trials was 
reported by Summers et al[13] in 1979, and involved a 
17-wk randomized, double-blind, placebo-controlled 
trial of azathioprine 2.5 mg/kg/d in 136 patients with 
active CD (defined as a Crohn’s Disease Activity Index 
(CDAI) score > 150). The rates of remission (CDAI < 
150 at week 17) with azathioprine (36%; 21/59) were 
superior to placebo (26%; 20/77), although not at the 
level of statistical significance.

The first long-term study to demonstrate the 
efficacy of mercaptopurine to induce remission was 
reported by Present et al[10] in 1980. Eighty-three 
chronically ill patients with CD were entered into a two-
year double-blind study comparing mercaptopurine 
1.5 mg/kg with placebo. Crossover data showed that 
improvement occurred in 67% of courses of mercap-
topurine compared with 8% of courses of placebo (P 
< 0.001). Mercaptopurine was also found to be more 
effective than placebo in fistula closure and steroid 
reduction and discontinuation. Importantly, this trial 
was the first to establish the notion of the delayed 
onset of action, as the mean time to response was 3.1 
mo, with 89% of responders doing so within 4 mo of 
starting mercaptopurine.

In the last two decades, all studies investigating 
the efficacy of thiopurines in inducing remission in CD 
have utilized active comparator groups rather than pla-
cebo alone. In a three-arm randomized, double-blind 
study comparing mercaptopurine 50 mg daily, oral 
methotrexate 12.5 mg weekly, and placebo in patients 
with active CD and Harvey-Bradshaw Index (HBI) ≥ 
7, Oren et al[15] showed that the rates of remission 
(HBI ≤ 3 without steroids) using mercaptopurine or 
placebo were equivalent (9/32 in the mercaptopurine 
arm vs 6/26 in the placebo arm). This remission rate 
was not significantly different when compared to the 
methotrexate arm. In a similar study involving metho-
trexate, Maté-Jiménez et al[16], studied 38 patients with 
steroid-dependent CD who were randomized to mer-
captopurine 1.5 mg/kg/d, methotrexate 15 mg/wk, or 
5-aminosalicylic acid (5-ASA) 3 g/d. Compared with 
the 5-ASA group (14% remission), patients in both 
the mercaptopurine (93.7%) and methotrexate (80%) 
arms had statistically higher rates of remission. Finally, 
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in a recent trial comparing azathioprine to methotrex-
ate, patients with steroid-dependent CD with a CDAI 
≥ 200 were treated with either intravenous metho-
trexate 25 mg/wk or oral azathioprine 2 mg/kg/d for a 
6-mo period (in addition to a 12-wk prednisolone taper 
starting at 40 mg daily). The primary outcome - the 
proportion of patients entering first remission (CDAI < 
150 without steroids) at 3 and 6 mo of therapy - was 
statistically similar between the two treatment groups 
(44% remission rate at 3 mo with methotrexate vs 
33% with azathioprine; 56% remission rate at 6 mo 
with methotrexate vs 63% with azathioprine)[17].

A recent trial evaluating the effectiveness of 
thiopurines for the induction of remission in Crohn’
s disease was reported in 2010 by Colombel et al[18] 
in the Study of Biologic and Immunomodulator Naive 
Patients in Crohn’s Disease (the SONIC trial). The 
results of this study showed azathioprine to be less 
effective than infliximab as an induction agent for 
CD. Patients with active CD (CDAI 220-450) were 
randomized to one of three treatment arms: infliximab 
5 mg/kg, azathioprine 2.5 mg/kg/d, or a combination 
of infliximab and azathioprine. Thirty-two percent 
(54/170) of azathioprine patients achieved clinical 
remission (CDAI < 150) at week 26 compared to 48% 
(81/169) of infliximab patients [risk ratio (RR) = 0.66, 
95%CI: 0.51-0.87]. Similarly, significantly more inflix-
imab patients than azathioprine patients achieved the 
primary study outcome of steroid free remission (44% 
vs 30%, respectively, P = 0.006). When assessing the 
combination of azathioprine and infliximab, signifi-
cantly more patients in the combination therapy group 
(60%; 102/169) achieved clinical remission compared 
to patients treated with infliximab alone (48%) or aza-
thioprine alone (32%, P < 0.001). Although, patients 
with heterozygous thiopurine methyl transferase 
(TPMT) activity were excluded, potentially minimizing 
the success of azathioprine monotherapy.

In addition, two randomized trials have found 
azathioprine therapy ineffective in achieving sustained 
corticosteroid-free remission. In an open-label trial of 
adults with CD for less than 6 mo at risk for disabling 
disease. patients randomly assigned to treatment 
with azathioprine 2.5 mg/kg/d were no more likely to 

experience clinical remission compared to patients who 
received azathioprine only in cases of corticosteroid 
dependency, chronic active disease with frequent 
flares, poor response to corticosteroids, or develop-
ment of severe perianal disease[19]. In a prospective 
double-blind trial of patients with CD for less than 8 
wk, patients randomly assigned to azathioprine 2.5 
mg/kg/d were no more likely to achieve sustained 
corticosteroid-free remission compared to patients 
randomized to placebo (44.1% vs 36.5%), however, 
azathioprine was more effective in preventing moder-
ate to severe relapse in a post hoc analysis[20].

The most recent Cochrane analysis (2013) evaluat-
ing the efficacy of thiopurines for induction of remission 
in CD compiled the results from 13 randomized control 
trials including 1211 patients: 9 comparing thiopurines 
to placebo and 6 using active comparators[21]. This 
analysis found no statistically significant difference in 
clinical remission rates between thiopurines and pla-
cebo (48% vs 37%, respectively, when combining the 
data from 5 studies with 380 total patients; RR = 1.23, 
95%CI: 0.97-1.55). Thiopurine therapy was found to 
be no better at inducing steroid-free remission com-
pared to methotrexate (RR = 1.13, 95%CI: 0.85-1.49) 
and 5-ASA or sulfasalazine (RR = 1.24, 95%CI: 
0.80-1.91). Lastly, azathioprine was found to be sig-
nificantly inferior to infliximab for induction of steroid-
free clinical remission (RR = 0.68, 95%CI: 0.51-0.90). 
The only benefit of azathioprine for inducing remission 
in CD was found when it was used in combination with 
infliximab, as combination therapy was significantly 
superior to infliximab alone for induction of remission.

THIOPURINES FOR MAINTENANCE OF 
REMISSION IN CD
Dating back to the 1970s, multiple controlled tri-
als have evaluated the efficacy of azathioprine and 
mercaptopurine for maintenance of remission in CD. 
While several earlier studies compared azathioprine or 
mercaptopurine to placebo, the more recent trials have 
used active comparators.

The first randomized, double-blind, placebo-
controlled trial of azathioprine for therapy of CD was 
reported by Willoughby et al[14], in 1971. This small 
study aimed to determine the effect of azathioprine 2 
mg/kg/d on maintaining remission of CD once it had 
been induced by prednisolone alone or in combina-
tion with azathioprine. At the end of the 24-wk study 
period, 4/5 patients on azathioprine maintained remis-
sion compared to 2/5 on placebo.

Over the course of the following three decades, 
multiple additional trials compared azathioprine to 
placebo[6,13,14,22-25]. Although these trials varied in their 
duration of therapy and dose of azathioprine (rang-
ing from 1 mg/kg/d to 2.5 mg/kg/d), each added 
to the growing body of literature exploring the use 
of azathioprine for maintaining remission in CD. A 
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Figure 1  Chemical structures of azathioprine and mercaptopurine. AZA: 
Azathioprine; 6-MP: 6-mercaptopurine.
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2015 Cochrane review presented a pooled analysis of 
the results from these seven studies[6]. In total, 532 
patients were included, and there were a statistically 
higher proportion of patients who maintained remis-
sion over 6 to 18 mo with azathioprine compared to 
placebo. While only 58% (168/288) of patients on 
placebo maintained remission at study endpoints, 72% 
(175/244) of azathioprine patients were in remission 
(RR = 1.25, 95%CI: 1.11-1.42).

Two studies have compared azathioprine or mercap-
topurine to 5-ASA or sulfasalazine for the maintenance 
of remission in CD. In 1979, Summers et al[13], reported 
the results from 86 patients with medically or surgically 
induced CD remission who were randomized to placebo, 
sulfasalazine, prednisone, or azathioprine (1 or 2.5 
mg/kg/d). Over the course of one year, both patients in 
the azathioprine arm and sulfasalazine arm had similar 
rates of maintaining remission: 76% (53/73) aza-
thioprine vs 68% (52/77) placebo. A second study by 
Maté-Jiménez et al[16] in 2000 reported the results from 
a maintenance trial in which CD patients in remission 
were randomized to either mercaptopurine 1 mg/kg/d 
or 5-ASA 3 g/d for 45 wk of therapy. Though mercapto-
purine was superior to 5-ASA in maintaining remission 
(53% vs 0%), the numbers of patients in each study 
arm were very small. A pooled analysis of the results of 
these two trials found no difference between azathio-
prine or mercaptopurine and 5-ASA or sulfasalazine in 
the proportion of patients who maintained remission at 
12 mo (RR = 1.09, 95%CI: 0.88-1.34)[6].

One study each has compared thiopurines to 
budesonide and methotrexate. In 2009, Mantzaris 
et al[24] suggested azathioprine (2.0-2.5 mg/kg/d) to 
be superior to budesonide (6-9 mg/d) in maintain-
ing CD remission. In this prospective, randomized, 
controlled one-year trial including patients with ste-
roid dependent CD in remission (CDAI < 150), 76% 
(29/38) of patients in the azathioprine arm maintained 
remission at one year compared to 46% (18/39) in 
the budesonide arm (RR = 1.65, 95%CI: 1.13-2.42). 
In contrast to these positive findings, Maté-Jiménez 
et al[16] found no difference in the rates of maintaining 
remission between mercaptopurine (50%; 8/16) and 
methotrexate (53%; 8/15) at 76 wk.

Finally, the most recent trial investigating the 
role of azathioprine in maintaining remission in CD 
utilized azathioprine in combination with infliximab 
and compared maintenance rates with infliximab 
alone[25]. In this study reported by Mantzaris et al[24], 
47 patients with active, steroid-dependent CD were 
induced with tapered steroids along with infliximab 5 
mg/kg at weeks 0, 2, and 6, or combination infliximab 
and azathioprine 2.5 mg/kg for 6 wk. Those entering 
remission were then continued into the maintenance 
phase of the trial where they were treated with either 
infliximab alone (5 mg/kg every 8 wk) or combination 
infliximab and azathioprine 2.5 mg/kg for 12 mo. The 
rates of maintaining remission at one year were statis-
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tically similar in the combination therapy group (81%; 
13/16) and the infliximab monotherapy group (80%; 
16/20) (RR = 1.02, 95%CI: 0.74-1.40).

Given the cumulative results of the trials that have 
been conducted, a recent Cochrane review concluded 
that azathioprine is more effective than placebo for 
maintenance of remission in CD[6]. Similarly, azathio-
prine may be superior to budesonide for maintenance 
of remission, although this conclusion is based on the 
results of only one small study. Finally, thiopurines 
have not yet been rigorously compared to other active 
maintenance therapies, including infliximab, and more 
adequately powered trials are necessary to allow for 
definitive conclusions.

THIOPURINES FOR MAINTENANCE OF 
SURGICALLY INDUCED REMISSION IN 
CD
Approximately two thirds of CD patients will require 
at least one intestinal resection, and more than 50% 
will still require at least one additional surgery in 
their lifetime[23,26,27]. It is thus imperative to optimize 
post-operative prophylactic management strategies 
to reduce this risk. The role of thiopurines in post-
operative prevention of CD recurrence will be discussed 
here.

A Cochrane analysis by Gordon et al[5] in 2014 
embodies the most up to date, extensive review of 
thiopurine use as a preventative measure following 
intestinal resection. However, heterogenous study 
design by the trials in question makes the data less 
clear. Seven randomized controlled trials involving thio-
purines were identified - four compared to 5-ASA[28-33], 
one compared to 5-ASA and adalimumab[34], one to 
infliximab[27], and one to placebo alone[35].

Thiopurine use overall appears to reduce post-
operative recurrence risk when compared to placebo 
(12 mo endoscopic recurrence risk of 43.7% for aza-
thioprine compared to 69% for placebo)[35]. However, 
efficacy outcomes when compared to 5-ASA agents 
were less clear, and did not demonstrate superiority of 
one modality over the other[28-30,33]. However, Reinisch 
et al[33] noted that perceived lack of efficacy may relate 
to suboptimal dosing strategies (with dosing based on 
metabolite levels providing better remission rates). 
Only two controlled trials addressed the utility of anti-
TNF as compared to thiopurines, and results were 
conflicting[27,34].

Subsequent to the Cochrane analysis above, three 
randomized-controlled trials sought to examine the 
impact of anti-TNF therapy on post-operative disease 
recurrence, and indirectly addressed questions of 
thiopurine efficacy and optimization. Regueiro et al[36] 
randomized patients to either anti-TNF therapy or 
placebo after resection, and patients were instructed 
to otherwise continue pre-operative therapy. Forty-six 
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percent were taking a thiopurine throughout. Within 
the placebo arm, 100% of patients without thiopurine 
exposure experienced endoscopic disease recurrence 
compared to 71.4% of those on thiopurine mono-
therapy, with a 28.6% reduction in recurrence (P = 
0.08; the study was not powered to assess thiopurine 
efficacy). Of note, combination therapy of thiopurine 
and infliximab was not significantly more effective than 
infliximab monotherapy, with endoscopic recurrence 
rates of 27.8% and 18.5% respectively.

De Cruz et al[37] published data from the Post-
Operative Crohn’s Endoscopic Recurrence study in 
which patients at medium or high risk patients for 
postoperative recurrence of disease were then treated 
with adalimumab, thiopurine, or none of these agents. 
All patients received metronidazole initially and disease 
assessment followed with a “standard” or “active” 
assessment pathway, the comparison of which was 
the basis of the study[37]. Adalimumab did not appear 
significantly more effective at reducing short-term 
disease recurrence risk (43% endoscopic recurrence 
in adalimumab arm compared to 61% recurrence in 
mercaptopurine arm at 12 mo, P = 0.17). Notably, 
patients in the post-operative thiopurine who were on 
thiopurines prior to resection had similar outcomes 
to those who were pre-operatively thiopurine naïve, 
suggesting that “failing” a thiopurine preoperatively is 
not necessarily a contraindication for post-operative 
thiopurine use.

Finally, at the 2016 European Crohns and Colitis 
Organization annual meeting, initial data from the Trial 
of Prevention of Post-operative Crohn’s Disease was 
presented; the largest double-blind placebo-controlled 
trial to date, comparing mercaptopurine to placebo 
for up to 36 mo postoperatively in 240 patients. The 
primary endpoint, CDAI evidence of recurrence, was 
reached in 23.2% of the placebo arm compared to 
12.5% of the mercaptopurine arm (adjusted P = 
0.073, unadjusted 0.046). Out to week 157, a higher 
proportion of mercaptopurine patients maintained 
endoscopic remission (Rutgeerts i0) than placebo 
(22.5% vs 12.5%, P = 0.041). In subset analysis, 
superiority of mercaptopurine over placebo was seen 
in smokers [hazard radio (HR) = 0.127, 95%CI: 
0.04-0.46; number-needed-to-treat (NNT) = 3], but 
not in non-smokers.

Thiopurines appear to have a role in the prevention 
of recurrence of disease following intestinal resection. 
Consistently more effective than placebo, the utility of 
thiopurines when compared to mesalamine therapy 
is less clear, and may reflect a need to dose adjust 
according to serum thiopurine metabolite levels. The 
benefits of thiopurines use when compared to or in 
conjunction with anti-TNF would ideally be stratified in 
clinical practice according to the patient’s risk of recur-
rence and prior management strategies.

THIOPURINES FOR INDUCTION OF 
REMISSION IN UC
While there are several randomized controlled stud-
ies regarding the efficacy of thiopurines in inducing 
remission in CD, there are considerably fewer high 
quality controlled studies in UC. The first controlled 
trials evaluating the effectiveness of thiopurines in UC 
were published in the 1970s[38,39]. In a small study of 
20 patients with active proctocolitis, azathioprine 2.5 
mg/kg/d produced significant improvement in clinical 
symptoms, inflammatory markers, and endoscopic and 
biopsy findings, but was not superior to sulfasalazine 
over a 3 mo period[38]. A similar study in 80 patients 
with flare of UC showed no benefit from the addition 
of azathioprine 2.5 mg/kg/d over 1 mo compared to a 
standard course of corticosteroids[39].

In a study by Sood et al[40], 83 patients with severe 
UC, steroid dependent on prednisone 1 mg/kg/d and 
sulfasalazine 6-8 g/d, were randomized to azathioprine 
or placebo with similar remission rates between aza-
thioprine and placebo arms (68% and 64%, respec-
tively). In a small trial on 34 patients with UC receiving 
prednisone for induction therapy, subjects randomized 
to additionally receive 1.5mg/kg/d of mercaptopurine 
were more likely to achieve steroid-free remission and 
a Mayo Clinic score less than 7 (78.6%) compared to 
patients randomized to additionally receive 3 g/d of 
5-ASA (25%) over a 7.5 mo induction phase[16].

In an investigator-blind study by Ardizzone et al[41], 
72 patients with steroid dependent, clinically and 
endoscopically active UC on prednisolone 40 mg/d 
were randomized to azathioprine 2 mg/kg/d or oral 
5-ASA 3.2 g/d. At 6 mo, patients in the azathioprine 
group were more likely to experience corticosteroid-
free, clinical and endoscopic remission compared to 
5-ASA, both in intention-to-treat [odds ratio (OR), 4.78; 
95%CI: 1.57-14.5] and per-protocol (OR = 5.26; 95%CI: 
1.59-18.1) analysis[41].

In a meta-analysis of thiopurine induction therapy 
for remission of UC, the efficacy rate was 73% (95%CI: 
63%-83%) for azathioprine and 64% (95%CI: 
53-75%) for placebo or 5-ASA with an insignificant 
OR, of 1.59 (95%CI: 0.59-4.29)[42]. This efficacy rate 
decreased slightly to 65% (95%CI: 55-75%) based 
on large number of heterogeneous, open uncontrolled, 
and retrospective studies. Most of these studies, both 
controlled and uncontrolled, examined very small 
numbers of patients and differed significantly in study 
design, patient selection, classification of steroid 
dependence, thiopurine dosage, duration of induction, 
evaluation of response, follow up, and handling of 
concomitant treatments[42-46].

More recently, thiopurines are being positioned as 
part of combination therapy with TNF-α antagonists 
as induction therapy. In the UC SUCCESS randomized, 
double-blind trial of 239 patients with moderate to 
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severe UC, 39.7% (31 of 78) of patients receiving 
infliximab 5 mg/kg intravenous at weeks 0, 2, 6, and 
14 with azathioprine 2.5 mg/kg/d, achieved corticoste-
roid-free remission at 16 wk compared with 22.1% (17 
of 77) of patients receiving infliximab alone (P = 0.017) 
and 23.7% (18 of 76) of patients receiving azathio-
prine alone (P = 0.032)[47]. Rates of mucosal healing 
were also greater in patients exposed to combination 
therapy with infliximab and azathioprine compared to 
azathioprine monotherapy[47].

In lieu of the above studies, there is not clear 
evidence for the use of thiopurine monotherapy in UC 
induction, however, there may be evidence for thiopu-
rines in combination with other immunosuppressive 
agents to improve the likelihood of inducing remission.

THIOPURINES FOR MAINTENANCE OF 
REMISSION IN UC
In one of the first controlled trials of azathioprine 
for maintenance, Jewell et al[39] (1974) followed 80 
patients admitted for their first attack of UC, deriving 
no benefit from one-year maintenance with azathio-
prine 2.5 mg/kg/d[39]. Though azathioprine therapy 
appeared to reduce the relapse rate in patients who 
presented with flare of established UC, data failed to 
reach statistical significance.

In 1992, Hawthorne et al[48] examined the role of 
azathioprine in the maintenance of remission of UC 
in 67 patients and in 12 patients with active UC or 
corticosteroid dependence over the course of a year. 
Patients in remission and randomized to receive or 
continue azathioprine at a median dose of 100 mg/d 
had a relapse rate of 36% (12/33) compared with 
59% (20/34) for patients given placebo (HR = 0.5; 
95%CI: 0.25-1.0). After adjusting for sex, age, dura-
tion of remission and treatments prior to study entry, 
continued azathioprine therapy demonstrated a statis-
tically significant benefit over withdrawal (HR = 0.43; 
95%CI: 0.2-0.93)[48]. For patients with active disease 
at randomization, there was no benefit from continued 
azathioprine therapy[48].

In another study of 34 patients with UC, patients 
who achieved remission after induction with corticoste-
roids and maintained on mercaptopurine monotherapy 
for 76 wk were more likely to maintain remission 
(63.6%) compared to methotrexate (MTX) 15 mg/wk 
(14.3%) or 3 g/d of 5-ASA (0%)[16]. In a small study 
of 45 patients with steroid-dependent UC, patients 
randomized to sulfasalazine 6-8 g/d, oral prednisolone 
1 mg/kg/d, and azathioprine 2 mg/kg/d had fewer 
relapses of disease over one year compared to sul-
fasalazine 6-8 g/d and oral prednisolone 1 mg/kg/d as 
corticosteroids were tapered over 12-16 wk[40].

In a similar study, 35 patients with newly diag-
nosed severe UC and randomized to sulfasalazine with 
azathioprine were significantly less likely to experience 
relapse of disease (4; 23.5%) compared to sulfasala-

zine with placebo (10; 55.6%) over one year[49]. 
Moreover, maintenance of remission was significantly 
longer in patients given azathioprine with sulfasala-
zine compared to controls[49]. However, in a follow up 
prospective, randomized, open-label study from the 
same institution on 25 patients with severe UC on oral 
corticosteroids tapers, no difference was detected in 
relapse rates between patients given azathioprine 2.5 
mg/kg/d compared to sulfasalazine 6 g/d[50].

There are several other observational, retrospec-
tive, and nonrandomized trials evaluating thiopurine 
therapy in UC maintenance therapy[41,51-57]. Data from a 
meta-analysis demonstrated an overall mean efficacy 
of 65% (95%CI: 62%-67%), with a mean efficacy of 
66% (95%CI: 59%-73%) for steroid-resistant patients 
and 71% (95%CI: 66%-77%) for steroid-dependent 
patients[42]. In evaluating fairly homogenous controlled 
studies encompassing 124 patients, mean efficacy was 
60% (95%CI: 51%-69%) for thiopurine therapy and 
37% (95%CI: 28%-47%) for placebo and 5-ASA with 
an OR, of 2.56 (95%CI: 1.51-4.34) for maintaining 
remission[42]. The authors also calculated an absolute 
risk reduction of 23% with a NNT with thiopurines of 5 
to prevent one relapse of disease[42].

According to a Cochrane analysis (2012) designed 
to assess failure to maintain clinical or endoscopic 
remission at 12 mo, based on 4 studies and 232 
patients, there is low-quality evidence that azathio-
prine is superior to placebo for maintenance of remis-
sion in UC with a RR, of 0.68 (95%CI: 0.54-0.86)[2]. 
However, given varied treatment schedules, there was 
not enough evidence to determine an effect by dose 
or with combining medications. In this analysis, this 
pooled risk ratio suggested a NNT with azathioprine 
of 5 to prevent one relapse of disease, with an 
attributable risk reduction of 21%[2]. The authors of 
this analysis did not feel the existing data supported 
any meaningful evidence for thiopurines over 5-ASA 
agents or sulfasalazine, with an insignificant RR, of 1.52 
(95%CI: 0.66-3.50)[2].

Overall, there is a lack of high quality trials evaluat-
ing the use of thiopurine therapy in maintenance of 
remission in UC. Existing evidence does not support 
thiopurine use alone or in combination with standard 
5-ASA as compared to standard maintenance with 
5-ASA therapies alone for remission in UC. Thiopurines 
may, however, be useful in patients who cannot 
tolerate 5-ASA therapies or in patients who require 
repeated courses of corticosteroids to induce remis-
sion. Considerably more data is required to further 
evaluate the use of thiopurines for maintenance of 
remission in UC compared to standard maintenance 
therapy, particularly in the era of biologics.

THIOPURINES IN CHEMOPREVENTION
In patients with IBD, chronic intestinal inflammation 
is a major risk factor for the development of gastroin-
testinal malignancy. In a meta analysis, quantitative 
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estimates of CRC risk in UC have been reported to be 
2% after 10 years, 8% after 20 years, and 18% after 
30 years of disease[58]. More recent data (2015) has 
found a cumulative risk of advanced neoplasia in UC of 
2%, 5.3% and 14.7% at 10, 20 and 30 years, respec-
tively[59]. In addition, numerous cohort studies on CRC 
in UC have noted a relationship between CRC risk with 
the extent of disease, with a standardized incidence 
ratio (SIR) of 1.7 for proctitis, 2.8 for left-sided colitis, 
and 14.8 for pancolitis[60]. In a population-based cohort 
study, patients with CD were also shown to be at an 
increased risk of CRC, with a pooled SIR of 1.9 (95%CI: 
1.4-2.5)[61].

Although it has recently been suggested that the 
risk of CRC in IBD may be overestimated and more 
recent population-based studies in UC have demon-
strated a decreasing risk of CRC over the past several 
decades, it is clear that colonic inflammation is a major 
risk factor for CRC[62]. Based on this risk, many studies 
have the examined the potential chemopreventive 
benefits of medications that reduce inflammation in 
IBD, with thiopurines being the most reported in the 
literature. However, there is conflicting data regarding 
the chemoprophylaxis effects of thiopurines on the risk 
of dysplasia and CRC in IBD.

The first study to address this question was 
published in 1994 from a prospective registry of 755 
patients with IBD from the St. Mark’s Hospital, Lon-
don[63]. In this cohort, 15 patients with UC developed 
CRC with no significant modification by thiopurine 
exposure. In a larger study of 364 cases of CRC and 
1172 matched controls, thiopurine use in the 12 
mo preceding a diagnosis of CRC was not protective 
compared to unexposed controls (OR = 1.35, 95%CI: 
0.92-1.98)[64]. In another retrospective study on 315 
patients from the Mount Sinai Hospital, New York, 
who underwent surveillance colonoscopy, 96 (30.5%) 
were exposed to thiopurines for an average duration of 
7.4 years at an average dose of 60.6 ± 19.5 mg/d of 
mercaptopurine equivalents. There was no protective 
effect of thiopurine exposure on colorectal neoplasia 
with 16% of patients exposed to thiopurines and 18% 
of those unexposed progressing to any neoplasia 
(HR = 1.06, 95%CI: 0.59-1.93) with 5% of patients 
in each group developing advanced neoplasia (HR 
= 1.30, 95%CI: 0.45-3.75)[65]. Similarly, in a study 
of 188 patients with UC-related colorectal cancer and 
matched controls, there was no association between 
thiopurine use and colorectal cancer (OR = 2.1, 95%CI: 
0.7-7.2)[66]. Several other studies have produced similar 
findings, confirming a lack of benefit for thiopurines in 
preventing CRC[43,67-74].

More recent data, however, has suggested a 
potential role for thiopurines in chemoprevention. In 
a nationwide nested case-control study from a Dutch 
pathology database of 173 cases of IBD-related CRC 
and 393 matched IBD controls, patients treated 
with thiopurines were less often diagnosed with CRC 
compared with those never treated with thiopurines 

with an OR, of 0.36 (95%CI: 0.16-0.36)[75]. In a Dutch 
insurance-based cohort study of 2578 patients with 
IBD comprising 16289 person-years of follow-up, 
those who had used ≥ 50 mg of thiopurines per day 
for at least 6 mo had a significantly decreased risk of 
developing advanced neoplasia (adjusted HR = 0.10, 
95%CI: 0.01-0.75)[76].

Further support for a protective effect of thiopurines 
was established using data from the ENEIDA registry 
(Estudio nacional en Enfermedad Inflamatoria Intes-
tinal sobre determinantes genéticos y ambientales), a 
nationwide, hospital-based, prospectively maintained, 
Spanish database of incident and prevalent IBD 
patients[59]. In this study of 831 patients with UC with 
26 cases of CRC and 29 cases of high-grade dysplasia, 
use of thiopurines (OR = 0.21, 95%CI: 0.06-0.74, 
P = 0.015) and being in a surveillance colonoscopy 
program (OR = 0.33; 95%CI: 0.16-0.67; P = 0.002) 
were independent protective factors for advanced 
neoplasia[59].

In a meta-analysis by Jess et al[4] based on two 
population-based studies and 13 Clinic- and insurance-
based studies, there was no significant overall protective 
effect of thiopurines on colorectal neoplasia in IBD (OR 
= 0.87, 95%CI: 0.71-1.06). There was, however, a 
tendency toward a protective effect of thiopurines in 
studies using both colorectal dysplasia and CRC as the 
outcome instead of CRC alone (OR = 0.72, 95%CI: 
0.50-1.05). In this analysis, a meta-regression sug-
gested a trend toward a protective effect of thiopu-
rines in more recent studies, but was not statistically 
significant (meta-regression; P = 0.16). Another 
meta analysis, however, based on nine case-control 
and ten cohort studies demonstrated that the use of 
thiopurines was associated with a significant decreased 
incidence of colorectal neoplasm in IBD (RR = 0.71, 
95%CI: 0.54-0.94), even after adjustment for dura-
tion and extent of the disease[3].

Although the data is not overwhelmingly clear given 
the heterogeneity in the abovementioned trials, it is 
likely that there is some benefit to thiopurine therapy 
in reducing the risk of colitis-associated CRC in IBD. 
Future prospective studies would be useful to clarify 
if simply control of inflammation reduces the risk of 
CRC rather than a direct effect of thiopurines and the 
appropriate dosing and duration for maximizing a 
potential chemoprotective benefit.

THIOPURINE ADVERSE DRUG 
REACTIONS AND THE RISK OF 
INFECTION
It is well established that thiopurines are effective in 
treating IBD. This effectiveness, however, must be 
weighted against various adverse reactions with up to 
60% of patients discontinuing thiopurine therapy dur-
ing their disease course[43,77-81]. Multiple studies have 
cited intolerable dose-dependent and idiosyncratic 
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adverse events, such as hepatotoxicity, myelosupres-
sion and pancreatitis as primary reasons for discon-
tinuation. Adverse effects tended to occur within the 
first three months of thiopurine initiation and longer 
duration of use appears to be associated with a lower 
risk of discontinuation[53,78,81]. In a Dutch cohort study 
of 363 patients over eight years of follow up, 32% 
experienced hepatotoxicity, 19% gastrointestinal 
effects, 12% myelosuppression, 11% pancreatitis, 
11% fever, 9% general malaise, and 8% arthralgia[78].

Given that thiopurines have broad suppressive 
effects on the immune system, benign and opportunistic 
infectious complications are a serious concern to both 
patients and providers. This risk is further compounded 
in patients who require multiple immunosuppressive 
agents such as corticosteroids and biologic therapy. 
Studies have demonstrated increased rates of viral, 
fungal, parasitic, bacterial, and mycobacterial infections 
in patients exposed to thiopurine therapy[82,83].

Retrospective analyses of patients with IBD treated 
with thiopurines have showed rates of infection rang-
ing from 7.4% to 14.1%[82,83]. Viral infections are of 
particular concern with a predisposition to cytomegalo-
virus, varicella zoster virus and Epstein-Barr virus (EBV) 
infections as a result of thiopurine induced T lympho-
cyte apoptosis[84-88]. In a study from the Mayo Clinic, 
thiopurine use increased the risk of an opportunistic 
infection by 2-3 fold (OR = 3.8, 95%CI: 2.0-7.0) and 
when combined with corticosteroids, greatly increased 
the risk (OR = 17.5, 95%CI: 4.5-68)[87]. Moreover, 
data from the Crohn’s Therapy, Resource, Evaluation, 
and Assessment Tool registry found that the concomitant 
use of infliximab did not increase the risk of serious 
infection compared to conventional immunomodulator 
therapy alone over 2 years of follow-up[86].

Based on the above evidence, it is clear that the 
increased risk of serious infection associated with 
thiopurine use must be carefully balanced with the 
therapeutic benefits. This increased risk of infection 
requires appropriate prevention, prompt diagnosis, 
and effective treatment.

THIOPURINES AND THE RISK OF 
MALIGNANCY
In addition to the risk of infection, thiopurines also 
increase the risk of cancer. Thiopurines promote the 
development of cancer by a variety of mechanisms 
including direct alteration in DNA, activation of onco-
genes, reduction in immunosurveillance of malignant 
cells, and impaired control of oncogenic viruses[89-91]. 
Several population-based cohort and meta-analyses 
have demonstrated that current use of thiopurines for 
IBD is associated with a 1.3 to 1.7 overall relative risk 
of cancer[71,92]. Specific cancers linked to long-standing 
thiopurine use in the setting of IBD include lympho-
mas, myeloid disorders, and skin cancers.

Multiple studies have demonstrated an increased 

risk of Non-Hodgkin Lymphoma following thiopurine 
exposure, with standardized incidence ratios ranging 
from 1.6 to 37.5, with no excess risk attributed to IBD 
itself[93-95]. The majority of lymphoma associated with 
thiopurine exposure is EBV-associated, resulting from 
the loss of immune control of EBV-infected B lympho-
cytes[96]. More concerning, there are several cases in 
the literature of fatal post-mononucleosis lymphoma 
in young men who previously tested seronegative for 
EBV[93]. Furthermore, Hepatosplenic T-cell Lymphoma, 
though extremely rare, is associated with thiopurine 
use in combination with TNF-α antagonists in adoles-
cent and young males[97]. Despite the increased risks, 
recent data suggest no differences of survival with 
lymphoma between patients with IBD and expected 
survival for the general population[98].

In terms of myeloid disorders, in a study from the 
Cancers Et Surrisque Associé aux Maladies inflamma-
toires intestinales En France (CESAME) cohort, the risk 
of myeloproliferative disease was not increased among 
patients with IBD or ongoing thiopurine treatment (SIR 
= 1.54; 95%CI: 0.05-8.54)[92]. However, patients with 
past exposure to thiopurines had an increased risk of 
myeloid disorders (SIR = 6.98; 95%CI: 1.44-20.36)[92]. 
For skin cancers, there is considerable evidence that 
thiopurines increase the risk of basal cell and squa-
mous cell carcinomas[99-101]. In another study from the 
CESAME cohort, an increased risk of basal cell and 
squamous cell carcinomas was demonstrated in the 
patients with IBD and associated with ongoing thiopu-
rine exposure (HR = 5.9; 95%CI: 2.1-16.4) and past 
thiopurine exposure (HR = 3.9; 95%CI: 1.3-12.1)[101].

Although there is clear evidence for a risk of pri-
mary cancers associated with thiopurine use, several 
retrospective and prospective cohort studies have 
demonstrated no increased risk of new or recurrent 
cancer in patients with a history of cancer exposed 
to thiopurine therapy. Although data is limited, the 
CESAME group found that exposure to thiopurines 
did not increase the risk of new or recurrent cancer in 
patients with a history of cancer[92]. In a study by the 
New York Crohn’s and Colitis Organization, exposure 
to TNF-α antagonists, antimetabolites (thiopurines or 
methotrexate), or the combination of these agents, 
was not associated with an increased risk of new or 
recurrent cancer within 5 years following a diagnosis 
of cancer (Log-rank P = 0.14)[102]. Furthermore, after 
adjusting for the risk of recurrence of prior cancer, 
there was still no difference in risk of new or recurrent 
cancer between exposure groups (anti-TNF-α HR = 
0.32, 95%CI: 0.09-1.09; anti-TNF-α with an antime-
tabolite HR = 0.64, 95%CI: 0.26-1.59; antimetabolite 
HR = 1.08, 95%CI: 0.54-2.15)[102].

THIOPURINE DRUG METABOLISM AND 
BLOOD LEVEL MONITORING
Over the last decade, research has demonstrated that 
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thiopurine efficacy is dependent upon a therapeutic 
blood value of 6-thioguanine nucleotide (6-TGN), the 
metabolic product of the parent drug[18]. Azathioprine 
is metabolized into 6-mercaptopurine in the liver by 
a non-enzymatic pathway[103]. After conversion into 
6-mercaptopurine, different metabolic pathways com-
pete, leading to the formation of 6-TGN by hypoxanthi-
nephosphoribosyl transferase and 6-methylmercapto-
purine by the TPMT enzymatic system (Figure 2). The 
therapeutic metabolite 6-TGN inserts itself into the DNA 
of leukocytes as a fraudulent base, thereby preventing 
T-cell proliferation, leading to subsequent immunosup-
pression[104]. In addition, studies have also demonstrat-
ed that azathioprine and its metabolites induce T cell 
apoptosis by modulation of Ras-related C3 botulinum 
toxin substrate 1 (Rac1) activation[105]. 6-methylmer-
captopurine is associated with hepatotoxicity.

TPMT activity, ranging from the rare complete 
deficiency in 0.3% of adults to homozygous (normal) 
activity in 90% of adults, determines the breakdown to 
6-methylmercaptopurine, the metabolic product caus-
ing hepatotoxicity. Prior to the assay for the presence 
of TPMT, the initial dose of mercaptopurine was 50 
mg/d and then complete blood counts were followed 
with titration of the dose to the white blood count. 
With the advent of an assay for TPMT enzyme levels, it 
is now standard of care to measure its presence prior 
to initiation of therapy to identify patients at risk for 
toxicity. However, TPMT screening does not obviate the 
need for periodic hematologic monitoring.

Moreover, several studies have shown that 6-TGN 
levels greater than 235 pmol/8 × 108 red blood cells 
(RBCs) correlate with therapeutic efficacy[54,104,106,107]. 
This level is not weight based and although it is recom-
mended that 6-TGN levels are monitored, especially 
in nonresponsive patients, many gastroenterologists 
initiate weight based dosing followed by dose titration 
dictated by clinical factors and leukocyte count.

The concomitant use of 5-ASA increases 6-TGN 
levels, improving therapeutic potential, however, the 
combination of these medications may also lead to 
greater risk of toxicity, especially myelotoxicity[108,109]. 

In patients with increased TPMT activity leading to high 
levels of 6-methylmercaptopurine and lower levels 
of 6-TGN, the addition of allopurinol has been shown 
to inhibit xanthine oxidase activity resulting in higher 
therapeutic 6-TGN levels and lower 6-methylmercap-
topurine levels. In addition, allopurinol upregulates 
aldehyde oxidase and therefore 6-thioxanthine pro-
duction, which then inhibits TPMT[110]. Several studies 
have reproduced these findings and dual therapy with 
allopurinol can improve the therapeutic effect and 
decrease hepatotoxicity[111,112]. Practically, the addition 
of 100 mg of allopurinol should lead to decreasing the 
thiopurine dose by 50% and complete blood counts 
must be followed closely for myelosuppression[111,113].

More recently, several studies have examined 
the impact of low-dose weight-based azathioprine in 
combination with allopurinol in patients with normal 
TPMT activity. In a small prospective cohort, 69.6% 
patients with IBD randomized to low-dose azathioprine 
in combination with allopurinol 100mg were in clinical 
remission without the need for steroid or biologic 
treatment, and with less adverse events, at 24 wk 
compared to 34.7% of the patients treated with aza-
thioprine monotherapy[114]. In an uncontrolled, retro-
spective, observational cohort of patients treated with 
low-dose weight-based azathioprine in combination 
with allopurinol, 69% with CD and 61% with UC had a 
clinical response at a median of 19 mo with 52% and 
54% in clinical remission, respectively, with the highest 
response rates for thiopurine-naïve patients[115]. These 
studies suggest that low-dose weight-based azathio-
prine in combination with allopurinol may be effective 
therapeutic strategy.

In patients treated with 5-ASA or allopurinol with 
thiopurines, periodic therapeutic drug monitoring is 
necessary in order to minimize toxicity. In addition, 
in patients intolerant to thiopurines secondary to 
preferential 6-methylmercaptopurine metabolism, it 
is possible to achieve therapeutic 6-TGN levels while 
reducing 6-methylmercaptopurine levels by splitting 
the dose or changing to 6-TGN as primary therapy[116].
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Figure 2  Metabolic pathway for azathioprine and mercaptopurine. AZA: Azathioprine; 6-MP: 6-mercaptopurine; 6-TU: Thiouric acid; 6-MMP: 
6-methylmercaptopurine; 6-TIMP: 6-thioinosine-monophosphate; 6-MMPR: Methyl-mercaptopurine ribonucleotide; 6-TGN: Thioguanine nucleotide; XO: Xanthine 
oxidase; TPMT: Thiopurine methyltransferase; HPRT: Hypoxanthine phosphoribosyl transferase; IMPDH: Inosine monophosphate dehydrogenase; GMPS: 
Guanosine monophosphate synthetase.
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COMBINATION THERAPY: THIOPURINES 
WITH TNF-α ANTAGONISTS
Studies have also demonstrated the importance of 
thiopurines in combination with anti-TNF therapies. 
In an ad hoc analysis of A Crohn’s Disease Clinical 
Trial Evaluating Infliximab in a New Long-term Treat-
ment Regimen (ACCENT I) trial, it was apparent that 
patients receiving concomitant immunomodulators 
had an improved remission and response rate at week 
52[117]. This was the first indicator that combination 
therapy was more effective than monotherapy, likely 
attributed to immunomodulators decreasing antibody 
response to infliximab. Subsequently, numerous stud-
ies have supported initial evidence that immunogenic-
ity contributes to increased formation of antibodies to 
anti-TNF, leading to lower trough levels, and eventual 
loss of response[118,119].

The effect of combination therapy in preventing 
antibody formation has been reproduced in various 
studies, including both the SONIC trial and UC SUC-
CESS[18,47]. Both of these trials compared infliximab or 
azathioprine monotherapy to combination therapy in 
patients naïve to both anti-TNF and thiopurine therapy. 
In both CD and UC, patients treated with combination 
therapy were more likely to achieve corticosteroid free 
remission, response, as well as mucosal healing, and 
there is now ample data to suggest that combination 
therapy is associated with higher anti-TNF trough 
levels[120]. In UC SUCCESS, 19% of patients receiving 
infliximab monotherapy developed antibodies vs 3% 
in patients receiving combination therapy[47]. However, 
sub-analysis of randomized control trials on anti-TNF 
use in patients who were not naïve to either an anti-
TNF or thiopurine have failed to show an impact of 
combination therapy on clinical outcomes, despite 
less formation of antibodies. Similarly, Jones et al[121] 
studied the effect of adalimumab monotherapy vs 
combination therapy in patients not naïve to both 
drugs, and the data failed to show a higher remission 
or response rate with combination therapy at 52 wk. 
Similarly, in employing combination therapy with 
adalimumab, only a modest improvement was noted 
in those receiving combination therapy, with less need 
for dose escalation in this sub-group[122].

There have been various other trials examining the 
effect of combination therapy administered for 3, 6, or 
9 mo with the suggestion that the initial combination 
decreases the long-term antibody formation thereby 
improving long-term clinical outcomes[123,124]. All of 
the aforementioned trials incorporated weight based 
azathioprine or mercaptopurine dosage.

A recent study assessed the correlation between 
levels of 6-TGN with both infliximab trough and anti-
body levels to infliximab[125]. Seventy-two patients who 
received combination maintenance therapy had levels 
of 6-TGN that significantly correlated with infliximab 
trough levels and antibody levels. Contrary to 6-TGN 

levels greater than 235 pmol/8 × 108 RBCs, which 
is considered therapeutic under monotherapy, those 
treated with combination therapy only required a 6-TGN 
level of 125 pmol/8 × 108 RBCs in order to decrease 
antibody formation and attain therapeutic levels of 
infliximab. This is the first study to suggest that pre-
vention of antibodies to anti-TNF may require minimal 
doses of an immunomodulator, which theoretically 
may decrease long-term adverse effects.

Many observational trials have attempted to 
answer whether combination therapy is more effective 
than monotherapy. There are conflicting studies and 
henceforth, still some uncertainty as to whether and 
when to initiate thiopurines therapeutically as well as 
in preventing antibody formation. With the advent of 
more biologics and small molecules as therapy for IBD, 
thiopurines may be administered in smaller doses, 
and continue to play an integral role in maintaining 
therapeutic response.

EXPERIENCE OVERVIEW BY DRS. 
BURTON KORELITZ AND DANIEL 
PRESENT: INTERVIEWED BY DR. SIMON 
LICHTIGER
Induction of remission with thiopurines in CD can usu-
ally be achieved within 4 to 6 wk, with steroids serving 
as a bridge. For induction of remission in ulcerative 
colitis, although no randomized, placebo-controlled 
trial has confirmed their efficacy, we know well from 
our practice that thiopurines are effective and possibly 
work faster than in CD. For postoperative prevention, 
although our own studies did show statistical signifi-
cance, the results are less robust than for anti-TNFs.

In lieu of enzyme testing or levels, we have always 
started patients on 50 mg per day of mercaptopurine 
and monitored the white blood cell count for leukope-
nia and the mean corpuscular volume for macrocyto-
sis. Leukopenia would typically occur very quickly, so 
labs by week two would often detect these patients. 
Abnormalities in liver function are rare and we accept 
mildly elevated transaminases up to 200 with clinical 
efficacy. These laboratory values are also useful sur-
rogates to assess medication compliance. For patients 
with mild side effects such as rash, fever, or arthralgia, 
we have found slow desensitization to be relatively 
simple and very effective starting with 1/8th the dose 
of mercaptopurine followed by a slow escalation. 
However, in patients with pancreatitis, desensitization 
is rarely successful and not recommended.

In our experience, opportunistic infections are 
rare and more often found in patients on concomitant 
steroids. We also feel that solid malignancies, such as 
breast, lung, liver, pancreas, and kidney are not more 
common in those treated with thiopurines. We had not 
even heard of hepatosplenic T-cell lymphoma until the 
advent of biologics. Dr. Present always felt his practice 
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Table 1  Current evidence and dosing for thiopurines in inflammatory bowel disease

TNF: Tumor necrosis factor.

did not demonstrate any increased risk of lymphoma 
with only 2 cases after more than 45 years of thio-
purine use, but data demonstrates that lymphoma is 
statistically increased, albeit very rare.

CONCLUSION
Based on the above evidence and clinical experience 
overview by Drs. Korelitz and Present, thiopurines have 
demonstrated efficacy in a broad range of presenta-
tions of IBD (Table 1). Although extensive evidence for 
thiopurines has often been limited by trial methodol-
ogy and design, over 50 years of clinical experience 
has demonstrated its efficacy and relative safety[126,127]. 
With the advent of more efficacious novel therapeutic 
agents with a wide variety of immunologic targets, the 
positioning of thiopurines in the management of IBD 
will undoubtedly change. Future studies will analyze 
the benefit of thiopurines in conjunction with these 
new medications, both as an individual synergistic 
adjunct and as a preventive agent for the production 
of antibodies to biologics. Notwithstanding, it continues 
to be a useful therapeutic option as monotherapy and 
in combination with other medications for inducing and 
maintaining durable remission in IBD.

REFERENCES
1 Brocteur J, Moens C. Treatment of rheumatoid arthritis with 

immunosuppressive drugs. II. Immunological study. Acta 
Rheumatol Scand 1965; 11: 221-230 [PMID: 5837147]

2 Timmer A ,  McDonald JW, Tsoulis DJ, Macdonald JK. 
Azathioprine and 6-mercaptopurine for maintenance of remission 
in ulcerative colitis. Cochrane Database Syst Rev 2012; (9): 
CD000478 [PMID: 22972046 DOI: 10.1002/14651858.CD000478.
pub3]

3 Gong J, Zhu L, Guo Z, Li Y, Zhu W, Li N, Li J. Use of thiopurines 
and risk of colorectal neoplasia in patients with inflammatory 
bowel diseases: a meta-analysis. PLoS One 2013; 8: e81487 [PMID: 
24312308 DOI: 10.1371/journal.pone.0081487]

4 Jess T, Lopez A, Andersson M, Beaugerie L, Peyrin-Biroulet 
L. Thiopurines and risk of colorectal neoplasia in patients with 
inflammatory bowel disease: a meta-analysis. Clin Gastroenterol 
Hepatol 2014; 12: 1793-1800.e1 [PMID: 24907505 DOI: 10.1016/j. 
cgh.2014.05.019]

5 Gordon M, Taylor K, Akobeng AK, Thomas AG. Azathioprine 
and 6-mercaptopurine for maintenance of surgically-induced 
remission in Crohn’s disease. Cochrane Database Syst Rev 2014; 8: 

CD010233 [PMID: 25081347 DOI: 10.1002/14651858.CD010233.
pub2]

6 Chande N, Patton PH, Tsoulis DJ, Thomas BS, MacDonald JK. 
Azathioprine or 6-mercaptopurine for maintenance of remission in 
Crohn’s disease. Cochrane Database Syst Rev 2015; 10: CD000067 
[PMID: 26517527 DOI: 10.1002/14651858.CD000067.pub3]

7 Bowen DG, Selby WS. Use of 6-mercaptopurine in patients with 
inflammatory bowel disease previously intolerant of azathioprine. 
Dig Dis Sci 2000; 45: 1810-1813 [PMID: 11052324]

8 Candy S, Wright J, Gerber M, Adams G, Gerig M, Goodman R. A 
controlled double blind study of azathioprine in the management of 
Crohn’s disease. Gut 1995; 37: 674-678 [PMID: 8549944]

9 Markowitz J, Grancher K, Kohn N, Lesser M, Daum F. A 
multicenter trial of 6-mercaptopurine and prednisone in children 
with newly diagnosed Crohn’s disease. Gastroenterology 2000; 
119: 895-902 [PMID: 11040176]

10 Present DH, Korelitz BI, Wisch N, Glass JL, Sachar DB, Pasternack 
BS. Treatment of Crohn’s disease with 6-mercaptopurine. A long-
term, randomized, double-blind study. N Engl J Med 1980; 302: 
981-987 [PMID: 6102739 DOI: 10.1056/NEJM198005013021801]

11 Klein M, Binder HJ, Mitchell M, Aaronson R, Spiro H. Treatment 
of Crohn’s disease with azathioprine: a controlled evaluation. 
Gastroenterology 1974; 66: 916-922 [PMID: 4597093]

12 Rhodes J, Bainton D, Beck P, Campbell H. Controlled trial of 
azathioprine in Crohn’s disease. Lancet 1971; 2: 1273-1276 [PMID: 
4143532]

13 Summers RW, Switz DM, Sessions JT, Becktel JM, Best WR, 
Kern F, Singleton JW. National Cooperative Crohn’s Disease 
Study: results of drug treatment. Gastroenterology 1979; 77: 
847-869 [PMID: 38176]

14 Willoughby JM, Beckett J, Kumar PJ, Dawson AM. Controlled 
trial of azathioprine in Crohn’s disease. Lancet 1971; 2: 944-947 
[PMID: 4107900]

15 Oren R, Moshkowitz M, Odes S, Becker S, Keter D, Pomeranz I, 
Shirin H, Reisfeld I, Broide E, Lavy A, Fich A, Eliakim R, Patz J, 
Villa Y, Arber N, Gilat T. Methotrexate in chronic active Crohn’s 
disease: a double-blind, randomized, Israeli multicenter trial. Am J 
Gastroenterol 1997; 92: 2203-2209 [PMID: 9399753]

16 Maté-Jiménez J, Hermida C, Cantero-Perona J, Moreno-Otero 
R. 6-mercaptopurine or methotrexate added to prednisone induces 
and maintains remission in steroid-dependent inflammatory bowel 
disease. Eur J Gastroenterol Hepatol 2000; 12: 1227-1233 [PMID: 
11111780]

17 Ardizzone S, Bollani S, Manzionna G, Imbesi V, Colombo 
E, Bianchi Porro G. Comparison between methotrexate and 
azathioprine in the treatment of chronic active Crohn’s disease: 
a randomised, investigator-blind study. Dig Liver Dis 2003; 35: 
619-627 [PMID: 14563183]

18 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]

10113 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

Thiopurine indication Evidence and azathioprine dose

Crohn’s disease induction Monotherapy, less robust evidence: 1.5-2.5 mg/kg/d[11-17]

Combination therapy with infliximab, more robust evidence: 2.5 mg/kg/d[18,19]

Crohn’s disease maintenance Monotherapy, more robust evidence: 1.5-2.5 mg/kg/d[6,13,14,22-25]

Postoperative maintenance in Crohn’s disease Monotherapy, more robust evidence: 2-2.5 mg/kg/d[5,28-36]

Ulcerative colitis induction Monotherapy, less robust evidence: 1.5-2.5 mg/kg/d[16,38-42]

Combination therapy with infliximab, more robust evidence: 2.5 mg/kg/d[47]

Ulcerative colitis maintenance Monotherapy, less robust evidence: 2-2.5 mg/kg/d[2,16,40,42,50]

Chemoprevention Monotherapy, less robust evidence: dose not established[3,4,59,74-76]

Preventing immunogenicity to anti-TNF Combination therapy with anti-TNF, less robust evidence: dose not established[47,117-125]

Axelrad JE et al.  Thiopurines and IBD



19 Cosnes J, Bourrier A, Laharie D, Nahon S, Bouhnik Y, Carbonnel 
F, Allez M, Dupas JL, Reimund JM, Savoye G, Jouet P, Moreau 
J, Mary JY, Colombel JF. Early administration of azathioprine 
vs conventional management of Crohn’s Disease: a randomized 
controlled trial. Gastroenterology 2013; 145: 758-765.e2; quiz 
e14-5 [PMID: 23644079 DOI: 10.1053/j.gastro.2013.04.048]

20 Panés J, López-Sanromán A, Bermejo F, García-Sánchez V, 
Esteve M, Torres Y, Domènech E, Piqueras M, Gomez-García M, 
Gutiérrez A, Taxonera C, Sans M. Early azathioprine therapy is no 
more effective than placebo for newly diagnosed Crohn’s disease. 
Gastroenterology 2013; 145: 766-774.e1 [PMID: 23770132 DOI: 
10.1053/j.gastro.2013.06.009]

21 Chande N, Tsoulis DJ, MacDonald JK. Azathioprine or 
6-mercaptopurine for induction of remission in Crohn’s disease. 
Cochrane Database Syst Rev 2013; 4: CD000545 [PMID: 
23633304 DOI: 10.1002/14651858.CD000545.pub4]

22 Abreu MT, Peek RM. Gastrointestinal malignancy and the 
microbiome. Gastroenterology 2014; 146: 1534-1546.e3 [PMID: 
24406471 DOI: 10.1053/j.gastro.2014.01.001]

23 Lazarev M, Ullman T, Schraut WH, Kip KE, Saul M, Regueiro M. 
Small bowel resection rates in Crohn’s disease and the indication 
for surgery over time: experience from a large tertiary care center. 
Inflamm Bowel Dis 2010; 16: 830-835 [PMID: 19798731 DOI: 
10.1002/ibd.21118]

24 Mantzaris GJ, Christidou A, Sfakianakis M, Roussos A, Koilakou 
S, Petraki K, Polyzou P. Azathioprine is superior to budesonide 
in achieving and maintaining mucosal healing and histologic 
remission in steroid-dependent Crohn’s disease. Inflamm Bowel Dis 
2009; 15: 375-382 [PMID: 19009634 DOI: 10.1002/ibd.20777]

25 Mantzaris GJ, Ployzou P, Karagiannidis A, Christidou A, 
Koilakou S, Tsounis D, Roussos A, Triantafyllou G, Karagiannis 
JA. A prospective, randomized trial of infliximab and azathioprine 
for the induction and maintenance of remisssion of steroid-
dependent Crohn’s disease. Gastroenterology 2004; 126: A54

26 Terdiman JP. Prevention of postoperative recurrence in Crohn’
s disease. Clin Gastroenterol Hepatol 2008; 6: 616-620 [PMID: 
17967564 DOI: 10.1016/j.cgh.2007.08.020]

27 Armuzzi A, Felice C, Papa A, Marzo M, Pugliese D, Andrisani 
G, Federico F, De Vitis I, Rapaccini GL, Guidi L. Prevention 
of postoperative recurrence with azathioprine or infliximab in 
patients with Crohn’s disease: an open-label pilot study. J Crohns 
Colitis 2013; 7: e623-e629 [PMID: 23810678 DOI: 10.1016/j. 
crohns.2013.04.020]

28 Ardizzone S, Maconi G, Sampietro GM, Russo A, Radice E, 
Colombo E, Imbesi V, Molteni M, Danelli PG, Taschieri AM, 
Bianchi Porro G. Azathioprine and mesalamine for prevention 
of relapse after conservative surgery for Crohn’s disease. 
Gastroenterology 2004; 127: 730-740 [PMID: 15362028]

29 Hanauer SB, Korelitz BI, Rutgeerts P, Peppercorn MA, Thisted 
RA, Cohen RD, Present DH. Postoperative maintenance of Crohn’s 
disease remission with 6-mercaptopurine, mesalamine, or placebo: a 
2-year trial. Gastroenterology 2004; 127: 723-729 [PMID: 15362027]

30 Herfarth H, Tjaden C, Lukas M, Obermeier F, Dilger K, Müller R, 
Schölmerich J. Adverse events in clinical trials with azathioprine 
and mesalamine for prevention of postoperative recurrence of 
Crohn’s disease. Gut 2006; 55: 1525-1526 [PMID: 16966711]

31 Dilger K, Schaeffeler E, Lukas M, Strauch U, Herfarth H, Müller 
R, Schwab M. Monitoring of thiopurine methyltransferase activity 
in postsurgical patients with Crohn’s disease during 1 year of 
treatment with azathioprine or mesalazine. Ther Drug Monit 2007; 
29: 1-5 [PMID: 17304143 DOI: 10.1097/FTD.0b013e3180312b9a]

32 Angelberger S, Schaeffeler E, Teml A, Petritsch W, Shonova O, 
Lukas M, Bar-Meir S, Dilger K, Greinwald R, Mueller R, Stange 
EF, Herrlinger KR, Schwab M, Reinisch W. Mucosal improvement 
in patients with moderate to severe postoperative endoscopic 
recurrence of Crohn’s disease and azathioprine metabolite levels. 
Inflamm Bowel Dis 2013; 19: 590-598 [PMID: 23388543 DOI: 
10.1097/MIB.0b013e31827eea8b]

33 Reinisch W, Panés J, Lémann M, Schreiber S, Feagan B, Schmidt 
S, Sturniolo GC, Mikhailova T, Alexeeva O, Sanna L, Haas T, 

Korom S, Mayer H. A multicenter, randomized, double-blind trial 
of everolimus versus azathioprine and placebo to maintain steroid-
induced remission in patients with moderate-to-severe active 
Crohn’s disease. Am J Gastroenterol 2008; 103: 2284-2292 [PMID: 
18671816 DOI: 10.1111/j.1572-0241.2008.02024.x]

34 Savarino E, Bodini G, Dulbecco P, Assandri L, Bruzzone L, Mazza 
F, Frigo AC, Fazio V, Marabotto E, Savarino V. Adalimumab is 
more effective than azathioprine and mesalamine at preventing 
postoperative recurrence of Crohn’s disease: a randomized 
controlled trial. Am J Gastroenterol 2013; 108: 1731-1742 [PMID: 
24019080 DOI: 10.1038/ajg.2013.287]

35 D’Haens GR, Vermeire S, Van Assche G, Noman M, Aerden I, Van 
Olmen G, Rutgeerts P. Therapy of metronidazole with azathioprine 
to prevent postoperative recurrence of Crohn’s disease: a controlled 
randomized trial. Gastroenterology 2008; 135: 1123-1129 [PMID: 
18727929 DOI: 10.1053/j.gastro.2008.07.010]

36 Regueiro M, Kip KE, Baidoo L, Swoger JM, Schraut W. 
Postoperative therapy with infliximab prevents long-term Crohn’
s disease recurrence. Clin Gastroenterol Hepatol 2014; 12: 
1494-1502.e1 [PMID: 24440221 DOI: 10.1016/j.cgh.2013.12.035]

37 De Cruz P, Kamm MA, Hamilton AL, Ritchie KJ, Krejany EO, 
Gorelik A, Liew D, Prideaux L, Lawrance IC, Andrews JM, 
Bampton PA, Jakobovits S, Florin TH, Gibson PR, Debinski 
H, Gearry RB, Macrae FA, Leong RW, Kronborg I, Radford-
Smith G, Selby W, Johnston MJ, Woods R, Elliott PR, Bell SJ, 
Brown SJ, Connell WR, Desmond PV. Efficacy of thiopurines and 
adalimumab in preventing Crohn’s disease recurrence in high-risk 
patients - a POCER study analysis. Aliment Pharmacol Ther 2015; 
42: 867-879 [PMID: 26314275 DOI: 10.1111/apt.13353]

38 Caprilli R, Carratù R, Babbini M. Double-blind comparison of 
the effectiveness of azathioprine and sulfasalazine in idiopathic 
proctocolitis. Preliminary report. Am J Dig Dis 1975; 20: 115-120 
[PMID: 235835]

39 Jewell DP, Truelove SC. Azathioprine in ulcerative colitis: final 
report on controlled therapeutic trial. Br Med J 1974; 4: 627-630 
[PMID: 4441827]

40 Sood A, Midha V, Sood N, Kaushal V. Role of azathioprine in 
severe ulcerative colitis: one-year, placebo-controlled, randomized 
trial. Indian J Gastroenterol 2000; 19: 14-16 [PMID: 10659481]

41 Ardizzone S, Maconi G, Russo A, Imbesi V, Colombo E, 
Bianchi Porro G. Randomised controlled trial of azathioprine 
and 5-aminosalicylic acid for treatment of steroid dependent 
ulcerative colitis. Gut 2006; 55: 47-53 [PMID: 15972298 DOI: 
10.1136/gut.2005.068809]

42 Gisbert JP, Linares PM, McNicholl AG, Maté J, Gomollón F. 
Meta-analysis: the efficacy of azathioprine and mercaptopurine 
in ulcerative colitis. Aliment Pharmacol Ther 2009; 30: 126-137 
[PMID: 19392869 DOI: 10.1111/j.1365-2036.2009.04023.x]

43 Fraser AG, Orchard TR, Jewell DP. The efficacy of azathioprine 
for the treatment of inflammatory bowel disease: a 30 year review. 
Gut 2002; 50: 485-489 [PMID: 11889067]

44 Mantzaris GJ, Archavlis E, Kourtessas D, Amberiadis P, 
Triantafyllou G. Oral azathioprine for steroid refractory severe 
ulcerative colitis. Am J Gastroenterol 2001; 96: 2797-2798 [PMID: 
11569720 DOI: 10.1111/j.1572-0241.2001.04144.x]

45 Sood A, Midha V, Sood N, Bansal M. Long term results of use 
of azathioprine in patients with ulcerative colitis in India. World 
J Gastroenterol 2006; 12: 7332-7336 [PMID: 17143951 DOI: 
10.3748/wjg.v12.i45.7332]

46 Ohno K, Masunaga Y, Ogawa R, Hashiguchi M, Ogata H. [A 
systematic review of the clinical effectiveness of azathioprine 
in patients with ulcerative colitis]. Yakugaku Zasshi 2004; 124: 
555-560 [PMID: 15297725]

47 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]

48 Hawthorne AB, Logan RF, Hawkey CJ, Foster PN, Axon AT, 
Swarbrick ET, Scott BB, Lennard-Jones JE. Randomised controlled 

10114 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

Axelrad JE et al.  Thiopurines and IBD



trial of azathioprine withdrawal in ulcerative colitis. BMJ 1992; 
305: 20-22 [PMID: 1638191]

49 Sood A, Kaushal V, Midha V, Bhatia KL, Sood N, Malhotra V. The 
beneficial effect of azathioprine on maintenance of remission in 
severe ulcerative colitis. J Gastroenterol 2002; 37: 270-274 [PMID: 
11993510]

50 Sood A, Midha V, Sood N, Avasthi G. Azathioprine versus 
sulfasalazine in maintenance of remission in severe ulcerative 
colitis. Indian J Gastroenterol 2003; 22: 79-81 [PMID: 12839376]

51 Ardizzone S, Molteni P, Imbesi V, Bollani S, Bianchi Porro G. 
Azathioprine in steroid-resistant and steroid-dependent ulcerative 
colitis. J Clin Gastroenterol 1997; 25: 330-333 [PMID: 9412914]

52 Cassinotti A, Actis GC, Duca P, Massari A, Colombo E, Gai E, 
Annese V, D’Albasio G, Manes G, Travis S, Porro GB, Ardizzone 
S. Maintenance treatment with azathioprine in ulcerative colitis: 
outcome and predictive factors after drug withdrawal. Am J 
Gastroenterol 2009; 104: 2760-2767 [PMID: 19623172 DOI: 
10.1038/ajg.2009.410]

53 Chebli LA, Chaves LD, Pimentel FF, Guerra DM, Barros RM, 
Gaburri PD, Zanini A, Chebli JM. Azathioprine maintains long-
term steroid-free remission through 3 years in patients with steroid-
dependent ulcerative colitis. Inflamm Bowel Dis 2010; 16: 613-619 
[PMID: 19705415 DOI: 10.1002/ibd.21083]

54 Cuffari C, Dassopoulos T, Turnbough L, Thompson RE, Bayless 
TM. Thiopurine methyltransferase activity influences clinical 
response to azathioprine in inflammatory bowel disease. Clin 
Gastroenterol Hepatol 2004; 2: 410-417 [PMID: 15118980]

55 Hibi T, Naganuma M, Kitahora T, Kinjyo F, Shimoyama T. Low-
dose azathioprine is effective and safe for maintenance of remission 
in patients with ulcerative colitis. J Gastroenterol 2003; 38: 740-746 
[PMID: 14505127 DOI: 10.1007/s00535-003-1139-2]

56 Holtmann MH, Krummenauer F, Claas C, Kremeyer K, Lorenz 
D, Rainer O, Vogel I, Böcker U, Böhm S, Büning C, Duchmann 
R, Gerken G, Herfarth H, Lügering N, Kruis W, Reinshagen M, 
Schmidt J, Stallmach A, Stein J, Sturm A, Galle PR, Hommes DW, 
D’Haens G, Rutgeerts P, Neurath MF. Long-term effectiveness 
of azathioprine in IBD beyond 4 years: a European multicenter 
study in 1176 patients. Dig Dis Sci 2006; 51: 1516-1524 [PMID: 
16927148 DOI: 10.1007/s10620-005-9037-5]

57 Mantzaris GJ, Sfakianakis M, Archavlis E, Petraki K, Christidou 
A, Karagiannidis A, Triadaphyllou G. A prospective randomized 
observer-blind 2-year trial of azathioprine monotherapy versus 
azathioprine and olsalazine for the maintenance of remission of 
steroid-dependent ulcerative colitis. Am J Gastroenterol 2004; 
99: 1122-1128 [PMID: 15180735 DOI: 10.1111/j.1572-0241. 
2004.11481.x]

58 Eaden JA, Abrams KR, Mayberry JF. The risk of colorectal cancer 
in ulcerative colitis: a meta-analysis. Gut 2001; 48: 526-535 [PMID: 
11247898]

59 Gordillo J, Cabré E, Garcia-Planella E, Ricart E, Ber-Nieto Y, 
Márquez L, Rodríguez-Moranta F, Ponferrada Á, Vera I, Gisbert JP, 
Barrio J, Esteve M, Merino O, Muñoz F, Domènech E. Thiopurine 
Therapy Reduces the Incidence of Colorectal Neoplasia in 
Patients with Ulcerative Colitis. Data from the ENEIDA Registry. 
J Crohns Colitis 2015; 9: 1063-1070 [PMID: 26351379 DOI: 
10.1093/ecco-jcc/jjv145]

60 Ekbom A, Helmick C, Zack M, Adami HO. Ulcerative colitis 
and colorectal cancer. A population-based study. N Engl J 
Med 1990; 323: 1228-1233 [PMID: 2215606 DOI: 10.1056/ 
NEJM199011013231802]

61 Jess T, Gamborg M, Matzen P, Munkholm P, Sørensen TI. 
Increased risk of intestinal cancer in Crohn’s disease: a meta-
analysis of population-based cohort studies. Am J Gastroenterol 
2005; 100: 2724-2729 [PMID: 16393226 DOI: 10.1111/j.1572- 
0241.2005.00287.x]

62 Castaño-Milla C, Chaparro M, Gisbert JP. Systematic review with 
meta-analysis: the declining risk of colorectal cancer in ulcerative 
colitis. Aliment Pharmacol Ther 2014; 39: 645-659 [PMID: 
24612141 DOI: 10.1111/apt.12651]

63 Connell WR, Kamm MA, Dickson M, Balkwill AM, Ritchie JK, 

Lennard-Jones JE. Long-term neoplasia risk after azathioprine 
treatment in inflammatory bowel disease. Lancet 1994; 343: 
1249-1252 [PMID: 7910274]

64 Terdiman JP, Steinbuch M, Blumentals WA, Ullman TA, Rubin 
DT. 5-Aminosalicylic acid therapy and the risk of colorectal cancer 
among patients with inflammatory bowel disease. Inflamm Bowel 
Dis 2007; 13: 367-371 [PMID: 17206695 DOI: 10.1002/ibd.20074]

65 Matula S, Croog V, Itzkowitz S, Harpaz N, Bodian C, Hossain S, 
Ullman T. Chemoprevention of colorectal neoplasia in ulcerative 
colitis: the effect of 6-mercaptopurine. Clin Gastroenterol Hepatol 
2005; 3: 1015-1021 [PMID: 16234048]

66 Velayos FS, Loftus EV, Jess T, Harmsen WS, Bida J, Zinsmeister 
AR, Tremaine WJ, Sandborn WJ. Predictive and protective factors 
associated with colorectal cancer in ulcerative colitis: A case-
control study. Gastroenterology 2006; 130: 1941-1949 [PMID: 
16762617 DOI: 10.1053/j.gastro.2006.03.028]

67 Armstrong RG, West J, Card TR. Risk of cancer in inflammatory 
bowel disease treated with azathioprine: a UK population-based 
case-control study. Am J Gastroenterol 2010; 105: 1604-1609 
[PMID: 20104215 DOI: 10.1038/ajg.2009.745]

68 Beaugerie L, Svrcek M, Seksik P, Bouvier AM, Simon T, 
Allez M, Brixi H, Gornet JM, Altwegg R, Beau P, Duclos B, 
Bourreille A, Faivre J, Peyrin-Biroulet L, Fléjou JF, Carrat F. Risk 
of colorectal high-grade dysplasia and cancer in a prospective 
observational cohort of patients with inflammatory bowel disease. 
Gastroenterology 2013; 145: 166-175.e8 [PMID: 23541909 DOI: 
10.1053/j.gastro.2013.03.044]

69 Gupta RB, Harpaz N, Itzkowitz S, Hossain S, Matula S, Kornbluth 
A, Bodian C, Ullman T. Histologic inflammation is a risk factor for 
progression to colorectal neoplasia in ulcerative colitis: a cohort 
study. Gastroenterology 2007; 133: 1099-1105; quiz 1340-1341 
[PMID: 17919486 DOI: 10.1053/j.gastro.2007.08.001]

70 Lashner BA, Provencher KS, Seidner DL, Knesebeck A, 
Brzezinski A. The effect of folic acid supplementation on the risk 
for cancer or dysplasia in ulcerative colitis. Gastroenterology 1997; 
112: 29-32 [PMID: 8978339]

71 Pasternak B, Svanström H, Schmiegelow K, Jess T, Hviid A. 
Use of azathioprine and the risk of cancer in inflammatory bowel 
disease. Am J Epidemiol 2013; 177: 1296-1305 [PMID: 23514635 
DOI: 10.1093/aje/kws375]

72 Rutter M, Saunders B, Wilkinson K, Rumbles S, Schofield G, 
Kamm M, Williams C, Price A, Talbot I, Forbes A. Severity of 
inflammation is a risk factor for colorectal neoplasia in ulcerative 
colitis. Gastroenterology 2004; 126: 451-459 [PMID: 14762782]

73 Siegel CA, Sands BE. Risk factors for colorectal cancer in Crohn’s 
colitis: a case-control study. Inflamm Bowel Dis 2006; 12: 491-496 
[PMID: 16775493]

74 Satchi M, Korelitz BI, Panagopoulos G, Bratcher J, Yu C, Atallah-
Vinograd J, Schneider J. Is treatment with 6-mercaptopurine for 
colitis associated with the development of colorectal cancer? 
Inflamm Bowel Dis 2013; 19: 785-788 [PMID: 23392347 DOI: 
10.1097/MIB.0b013e318289664c]

75 Baars JE, Looman CW, Steyerberg EW, Beukers R, Tan 
AC, Weusten BL, Kuipers EJ, van der Woude CJ. The risk of 
inflammatory bowel disease-related colorectal carcinoma is 
limited: results from a nationwide nested case-control study. Am 
J Gastroenterol 2011; 106: 319-328 [PMID: 21045815 DOI: 
10.1038/ajg.2010.428]

76 van Schaik FD, van Oijen MG, Smeets HM, van der Heijden 
GJ, Siersema PD, Oldenburg B. Thiopurines prevent advanced 
colorectal neoplasia in patients with inflammatory bowel disease. 
Gut 2012; 61: 235-240 [PMID: 21602529 DOI: 10.1136/gut. 
2011.237412]

77 Dubinsky MC, Yang H, Hassard PV, Seidman EG, Kam LY, Abreu 
MT, Targan SR, Vasiliauskas EA. 6-MP metabolite profiles provide 
a biochemical explanation for 6-MP resistance in patients with 
inflammatory bowel disease. Gastroenterology 2002; 122: 904-915 
[PMID: 11910342]

78 Jharap B, Seinen ML, de Boer NK, van Ginkel JR, Linskens RK, 
Kneppelhout JC, Mulder CJ, van Bodegraven AA. Thiopurine 

10115 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

Axelrad JE et al.  Thiopurines and IBD



therapy in inflammatory bowel disease patients: analyses of two 
8-year intercept cohorts. Inflamm Bowel Dis 2010; 16: 1541-1549 
[PMID: 20155846 DOI: 10.1002/ibd.21221]

79 Pearson DC, May GR, Fick GH, Sutherland LR. Azathioprine and 
6-mercaptopurine in Crohn disease. A meta-analysis. Ann Intern 
Med 1995; 123: 132-142 [PMID: 7778826]

80 Sandborn W, Sutherland L, Pearson D, May G, Modigliani 
R, Prantera C. Azathioprine or 6-mercaptopurine for inducing 
remission of Crohn’s disease. Cochrane Database Syst Rev 2000; 2: 
CD000545 [PMID: 10796557 DOI: 10.1002/14651858.CD000545]

81 Saibeni S, Virgilio T, D’Incà R, Spina L, Bortoli A, Paccagnella 
M, Peli M, Sablich R, Meucci G, Colombo E, Benedetti G, Girelli 
CM, Casella G, Grasso G, de Franchis R, Vecchi M. The use of 
thiopurines for the treatment of inflammatory bowel diseases 
in clinical practice. Dig Liver Dis 2008; 40: 814-820 [PMID: 
18479986 DOI: 10.1016/j.dld.2008.03.016]

82 Warman JI, Korelitz BI, Fleisher MR, Janardhanam R. Cumulative 
experience with short- and long-term toxicity to 6-mercaptopurine 
in the treatment of Crohn’s disease and ulcerative colitis. J Clin 
Gastroenterol 2003; 37: 220-225 [PMID: 12960720]

83 Present DH, Meltzer SJ, Krumholz MP, Wolke A, Korelitz BI. 
6-Mercaptopurine in the management of inflammatory bowel 
disease: short- and long-term toxicity. Ann Intern Med 1989; 111: 
641-649 [PMID: 2802419]

84 Hutfless SM, Weng X, Liu L, Allison J, Herrinton LJ. Mortality by 
medication use among patients with inflammatory bowel disease, 
1996-2003. Gastroenterology 2007; 133: 1779-1786 [PMID: 
18054550 DOI: 10.1053/j.gastro.2007.09.022]

85 Lichtenstein GR, Feagan BG, Cohen RD, Salzberg BA, Diamond 
RH, Chen DM, Pritchard ML, Sandborn WJ. Serious infections 
and mortality in association with therapies for Crohn’s disease: 
TREAT registry. Clin Gastroenterol Hepatol 2006; 4: 621-630 
[PMID: 16678077 DOI: 10.1016/j.cgh.2006.03.002]

86 Lichtenstein GR, Feagan BG, Cohen RD, Salzberg BA, 
Diamond RH, Price S, Langholff W, Londhe A, Sandborn WJ. 
Serious infection and mortality in patients with Crohn’s disease: 
more than 5 years of follow-up in the TREAT™ registry. Am J 
Gastroenterol 2012; 107: 1409-1422 [PMID: 22890223 DOI: 
10.1038/ajg.2012.218]

87 Toruner M, Loftus EV, Harmsen WS, Zinsmeister AR, Orenstein 
R, Sandborn WJ, Colombel JF, Egan LJ. Risk factors for 
opportunistic infections in patients with inflammatory bowel 
disease. Gastroenterology 2008; 134: 929-936 [PMID: 18294633 
DOI: 10.1053/j.gastro.2008.01.012]

88 Viget N, Vernier-Massouille G, Salmon-Ceron D, Yazdanpanah 
Y, Colombel JF. Opportunistic infections in patients with 
inflammatory bowel disease: prevention and diagnosis. Gut 2008; 
57: 549-558 [PMID: 18178610 DOI: 10.1136/gut.2006.114660]

89 Münz C, Moormann A. Immune escape by Epstein-Barr virus 
associated malignancies. Semin Cancer Biol 2008; 18: 381-387 
[PMID: 18996483 DOI: 10.1016/j.semcancer.2008.10.002]

90 O’Donovan P, Perrett CM, Zhang X, Montaner B, Xu YZ, 
Harwood CA, McGregor JM, Walker SL, Hanaoka F, Karran P. 
Azathioprine and UVA light generate mutagenic oxidative DNA 
damage. Science 2005; 309: 1871-1874 [PMID: 16166520 DOI: 
10.1126/science.1114233]

91 Zitvogel L, Tesniere A, Kroemer G. Cancer despite immuno-
surveillance: immunoselection and immunosubversion. Nat Rev 
Immunol 2006; 6: 715-727 [PMID: 16977338 DOI: 10.1038/nri1936]

92 Beaugerie L, Carrat F, Colombel JF, Bouvier AM, Sokol H, 
Babouri A, Carbonnel F, Laharie D, Faucheron JL, Simon T, de 
Gramont A, Peyrin-Biroulet L. Risk of new or recurrent cancer 
under immunosuppressive therapy in patients with IBD and 
previous cancer. Gut 2014; 63: 1416-1423 [PMID: 24162591 DOI: 
10.1136/gutjnl-2013-305763]

93 Beaugerie L, Brousse N, Bouvier AM, Colombel JF, Lémann 
M, Cosnes J, Hébuterne X, Cortot A, Bouhnik Y, Gendre 
JP, Simon T, Maynadié M, Hermine O, Faivre J, Carrat F. 
Lymphoproliferative disorders in patients receiving thiopurines for 
inflammatory bowel disease: a prospective observational cohort 

study. Lancet 2009; 374: 1617-1625 [PMID: 19837455 DOI: 
10.1016/S0140-6736(09)61302-7]

94 Korelitz BI, Mirsky FJ, Fleisher MR, Warman JI, Wisch N, 
Gleim GW. Malignant neoplasms subsequent to treatment of 
inflammatory bowel disease with 6-mercaptopurine. Am J 
Gastroenterol 1999; 94: 3248-3253 [PMID: 10566724 DOI: 
10.1111/j.1572-0241.1999.01530.x]

95 Lewis JD, Bilker WB, Brensinger C, Deren JJ, Vaughn DJ, Strom 
BL. Inflammatory bowel disease is not associated with an increased 
risk of lymphoma. Gastroenterology 2001; 121: 1080-1087 [PMID: 
11677199]

96 Pietersma F, Piriou E, van Baarle D. Immune surveillance of EBV-
infected B cells and the development of non-Hodgkin lymphomas 
in immunocompromised patients. Leuk Lymphoma 2008; 49: 
1028-1041 [PMID: 18452077 DOI: 10.1080/10428190801911662]

97 Kotlyar DS, Osterman MT, Diamond RH, Porter D, Blonski WC, 
Wasik M, Sampat S, Mendizabal M, Lin MV, Lichtenstein GR. A 
systematic review of factors that contribute to hepatosplenic T-cell 
lymphoma in patients with inflammatory bowel disease. Clin 
Gastroenterol Hepatol 2011; 9: 36-41.e1 [PMID: 20888436 DOI: 
10.1016/j.cgh.2010.09.016]

98 Sultan K, Korelitz BI, Present D, Katz S, Sunday S, Shapira 
I. Prognosis of lymphoma in patients following treatment with 
6-mercaptopurine/azathioprine for inflammatory bowel disease. 
Inflamm Bowel Dis 2012; 18: 1855-1858 [PMID: 22241664 DOI: 
10.1002/ibd.22866]

99 Long MD, Herfarth HH, Pipkin CA, Porter CQ, Sandler 
RS, Kappelman MD. Increased risk for non-melanoma skin 
cancer in patients with inflammatory bowel disease. Clin 
Gastroenterol Hepatol 2010; 8: 268-274 [PMID: 20005977 DOI: 
10.1016/j.cgh.2009.11.024]

100 Long MD, Martin CF, Pipkin CA, Herfarth HH, Sandler RS, 
Kappelman MD. Risk of melanoma and nonmelanoma skin 
cancer among patients with inflammatory bowel disease. 
Gastroenterology 2012; 143: 390-399.e1 [PMID: 22584081 DOI: 
10.1053/j.gastro.2012.05.004]

101 Peyrin-Biroulet L, Khosrotehrani K, Carrat F, Bouvier AM, 
Chevaux JB, Simon T, Carbonnel F, Colombel JF, Dupas JL, 
Godeberge P, Hugot JP, Lémann M, Nahon S, Sabaté JM, Tucat 
G, Beaugerie L. Increased risk for nonmelanoma skin cancers in 
patients who receive thiopurines for inflammatory bowel disease. 
Gastroenterology 2011; 141: 1621-1628.e1-5 [PMID: 21708105 
DOI: 10.1053/j.gastro.2011.06.050]

102 Axelrad J, Bernheim O, Colombel JF, Malerba S, Ananthakrishnan 
A, Yajnik V, Hoffman G, Agrawal M, Lukin D, Desai A, 
McEachern E, Bosworth B, Scherl E, Reyes A, Zaidi H, Mudireddy 
P, DiCaprio D, Sultan K, Korelitz B, Wang E, Williams R, Chen L, 
Katz S, Itzkowitz S. Risk of New or Recurrent Cancer in Patients 
With Inflammatory Bowel Disease and Previous Cancer Exposed 
to Immunosuppressive and Anti-Tumor Necrosis Factor Agents. 
Clin Gastroenterol Hepatol 2016; 14: 58-64 [PMID: 26247164 
DOI: 10.1016/j.cgh.2015.07.037]

103 Derijks LJ, Gilissen LP, Hooymans PM, Hommes DW. Review 
article: thiopurines in inflammatory bowel disease. Aliment 
Pharmacol Ther 2006; 24: 715-729 [PMID: 16918876 DOI: 
10.1111/j.1365-2036.2006.02980.x]

104 Dubinsky MC, Lamothe S, Yang HY, Targan SR, Sinnett D, 
Théorêt Y, Seidman EG. Pharmacogenomics and metabolite 
measurement for 6-mercaptopurine therapy in inflammatory bowel 
disease. Gastroenterology 2000; 118: 705-713 [PMID: 10734022]

105 Tiede I, Fritz G, Strand S, Poppe D, Dvorsky R, Strand D, Lehr 
HA, Wirtz S, Becker C, Atreya R, Mudter J, Hildner K, Bartsch 
B, Holtmann M, Blumberg R, Walczak H, Iven H, Galle PR, 
Ahmadian MR, Neurath MF. CD28-dependent Rac1 activation 
is the molecular target of azathioprine in primary human CD4+ 
T lymphocytes. J Clin Invest 2003; 111: 1133-1145 [PMID: 
12697733 DOI: 10.1172/JCI16432]

106 Cuffari C, Hunt S, Bayless T. Utilisation of erythrocyte 
6-thioguanine metabolite levels to optimise azathioprine therapy in 
patients with inflammatory bowel disease. Gut 2001; 48: 642-646 

10116 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

Axelrad JE et al.  Thiopurines and IBD



[PMID: 11302961]
107 Morales A, Salguti S, Miao CL, Lewis JD. Relationship between 

6-mercaptopurine dose and 6-thioguanine nucleotide levels in 
patients with inflammatory bowel disease. Inflamm Bowel Dis 
2007; 13: 380-385 [PMID: 17206711 DOI: 10.1002/ibd.20028]

108 Gao X, Zhang FB, Ding L, Liu H, Wang XD, Chen BL, Bi 
HC, Xiao YL, Zhao LZ, Chen MH, Huang M, Hu PJ. The 
potential influence of 5-aminosalicylic acid on the induction of 
myelotoxicity during thiopurine therapy in inflammatory bowel 
disease patients. Eur J Gastroenterol Hepatol 2012; 24: 958-964 
[PMID: 22664938 DOI: 10.1097/MEG.0b013e3283545ae3]

109 Hande S, Wilson-Rich N, Bousvaros A, Zholudev A, Maurer 
R, Banks P, Makrauer F, Reddy S, Burakoff R, Friedman S. 
5-aminosalicylate therapy is associated with higher 6-thioguanine 
levels in adults and children with inflammatory bowel disease in 
remission on 6-mercaptopurine or azathioprine. Inflamm Bowel 
Dis 2006; 12: 251-257 [PMID: 16633046 DOI: 10.1097/01.
MIB.0000206544.05661.9f]

110 Blaker PA, Arenas-Hernandez M, Smith MA, Shobowale-
Bakre EA, Fairbanks L, Irving PM, Sanderson JD, Marinaki 
AM. Mechanism of allopurinol induced TPMT inhibition. 
Biochem Pharmacol 2013; 86: 539-547 [PMID: 23770457 DOI: 
10.1016/j.bcp.2013.06.002]

111 Sparrow MP, Hande SA, Friedman S, Lim WC, Reddy SI, Cao 
D, Hanauer SB. Allopurinol safely and effectively optimizes 
tioguanine metabolites in inflammatory bowel disease patients 
not responding to azathioprine and mercaptopurine. Aliment 
Pharmacol Ther 2005; 22: 441-446 [PMID: 16128682 DOI: 
10.1111/j.1365-2036.2005.02583.x]

112 Ansari A, Patel N, Sanderson J, O’Donohue J, Duley JA, Florin 
TH. Low-dose azathioprine or mercaptopurine in combination with 
allopurinol can bypass many adverse drug reactions in patients with 
inflammatory bowel disease. Aliment Pharmacol Ther 2010; 31: 
640-647 [PMID: 20015102 DOI: 10.1111/j.1365-2036.2009.04221.x]

113 Sparrow MP. Use of allopurinol to optimize thiopurine 
immunomodulator efficacy in inflammatory bowel disease. 
Gastroenterol Hepatol (N Y) 2008; 4: 505-511 [PMID: 21960930]

114 Kiszka-Kanowitz M, Theede K, Mertz-Nielsen A. Randomized 
clinical trial: a pilot study comparing efficacy of low-dose 
azathioprine and allopurinol to azathioprine on clinical outcomes 
in inflammatory bowel disease. Scand J Gastroenterol 2016; 51: 
1470-1475 [PMID: 27686002 DOI: 10.1080/00365521.2016. 
1216589]

115 Pavlidis P, Stamoulos P, Abdulrehman A, Kerr P, Bull C, Duley J, 
Ansari A. Long-term Safety and Efficacy of Low-dose Azathioprine 
and Allopurinol Cotherapy in Inflammatory Bowel Disease: A Large 
Observational Study. Inflamm Bowel Dis 2016; 22: 1639-1646 
[PMID: 27271488 DOI: 10.1097/MIB.0000000000000827]

116 Shih DQ, Nguyen M, Zheng L, Ibanez P, Mei L, Kwan LY, 
Bradford K, Ting C, Targan SR, Vasiliauskas EA. Split-dose 
administration of thiopurine drugs: a novel and effective strategy 
for managing preferential 6-MMP metabolism. Aliment Pharmacol 
Ther 2012; 36: 449-458 [PMID: 22784257 DOI: 10.1111/
j.1365-2036.2012.05206.x]

117 Hanauer SB, Feagan BG, Lichtenstein GR, Mayer LF, Schreiber 
S, Colombel JF, Rachmilewitz D, Wolf DC, Olson A, Bao W, 
Rutgeerts P. Maintenance infliximab for Crohn’s disease: the 
ACCENT I randomised trial. Lancet 2002; 359: 1541-1549 [PMID: 

12047962 DOI: 10.1016/S0140-6736(02)08512-4]
118 Vande Casteele N, Gils A, Singh S, Ohrmund L, Hauenstein S, 

Rutgeerts P, Vermeire S. Antibody response to infliximab and its 
impact on pharmacokinetics can be transient. Am J Gastroenterol 
2013; 108: 962-971 [PMID: 23419382 DOI: 10.1038/ajg.2013.12]

119 Vande Casteele N, Khanna R, Levesque BG, Stitt L, Zou GY, 
Singh S, Lockton S, Hauenstein S, Ohrmund L, Greenberg GR, 
Rutgeerts PJ, Gils A, Sandborn WJ, Vermeire S, Feagan BG. The 
relationship between infliximab concentrations, antibodies to 
infliximab and disease activity in Crohn’s disease. Gut 2015; 64: 
1539-1545 [PMID: 25336114 DOI: 10.1136/gutjnl-2014-307883]

120 Vermeire S, Noman M, Van Assche G, Baert F, D’Haens G, 
Rutgeerts P. Effectiveness of concomitant immunosuppressive 
therapy in suppressing the formation of antibodies to infliximab in 
Crohn’s disease. Gut 2007; 56: 1226-1231 [PMID: 17229796 DOI: 
10.1136/gut.2006.099978]

121 Jones JL, Kaplan GG, Peyrin-Biroulet L, Baidoo L, Devlin S, 
Melmed GY, Tanyingoh D, Raffals L, Irving P, Kozuch P, Sparrow 
M, Velayos F, Bressler B, Cheifetz A, Colombel JF, Siegel CA. 
Effects of Concomitant Immunomodulator Therapy on Efficacy 
and Safety of Anti-Tumor Necrosis Factor Therapy for Crohn’
s Disease: A Meta-analysis of Placebo-controlled Trials. Clin 
Gastroenterol Hepatol 2015; 13: 2233-2240.e1-2; quiz e177-178 
[PMID: 26142167 DOI: 10.1016/j.cgh.2015.06.034]

122 Reenaers C, Louis E, Belaiche J, Seidel L, Keshav S, Travis S. 
Does co-treatment with immunosuppressors improve outcome in 
patients with Crohn’s disease treated with adalimumab? Aliment 
Pharmacol Ther 2012; 36: 1040-1048 [PMID: 23061650 DOI: 
10.1111/apt.12076]

123 Drobne D, Bossuyt P, Breynaert C, Cattaert T, Vande Casteele 
N, Compernolle G, Jürgens M, Ferrante M, Ballet V, Wollants 
WJ, Cleynen I, Van Steen K, Gils A, Rutgeerts P, Vermeire S, Van 
Assche G. Withdrawal of immunomodulators after co-treatment 
does not reduce trough level of infliximab in patients with Crohn’s 
disease. Clin Gastroenterol Hepatol 2015; 13: 514-521.e4 [PMID: 
25066841 DOI: 10.1016/j.cgh.2014.07.027]

124 Filippi J, Laharie D, Michiels C, Flamand M, Bouguen G, Nancey 
S, Presles E, Paul S, Schneider S, Hébuterne X, Roblin X. Efficacy 
of sustained combination therapy for at least 6 months with 
thiopurines and infliximab in patients with ulcerative colitis in 
clinical remission: a retrospective multicenter French experience. J 
Crohns Colitis 2015; 9: 252-258 [PMID: 25588386 DOI: 10.1093/ 
ecco-jcc/jjv001]

125 Yarur AJ, Kubiliun MJ, Czul F, Sussman DA, Quintero MA, 
Jain A, Drake KA, Hauenstein SI, Lockton S, Deshpande AR, 
Barkin JS, Singh S, Abreu MT. Concentrations of 6-thioguanine 
nucleotide correlate with trough levels of infliximab in patients 
with inflammatory bowel disease on combination therapy. Clin 
Gastroenterol Hepatol 2015; 13: 1118-1124.e3 [PMID: 25562796 
DOI: 10.1016/j.cgh.2014.12.026]

126 Korelitz BI. Expert opinion: experience with 6-mercaptopurine 
in the treatment of inflammatory bowel disease. World J 
Gastroenterol 2013; 19: 2979-2984 [PMID: 23716977 DOI: 
10.3748/wjg.v19.i20.2979]

127 Korelitz BI, Present DH. 6-Mercaptopurine/Azathioprine 
remains an important contributor in managing Crohn’s disease. 
J Crohns Colitis 2014; 8: 735-738 [PMID: 24462321 DOI: 
10.1016/j.crohns.2013.12.024]

P- Reviewer: Coulthard SA, Lakatos PL, Tuncbilek M    
S- Editor: Yu J    L- Editor: A    E- Editor: Liu WX  

10117 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

Axelrad JE et al.  Thiopurines and IBD



Amin Talebi Bezmin Abadi, Department of Bacteriology, 
Faculty of Medical Sciences, Tarbiat Modares University, Tehran 
14115-111, Iran

Guillermo Perez-Perez, Departments of Medicine and 
Microbiology, New York University School of Medicine and VA 
Medical Center, New York, NY 10010, United States

Author contributions: Talebi Bezmin Abadi A and Perez-Perez 
G prepared the first draft and finalized it for publication.

Conflict-of-interest statement: Authors declare no conflict of 
interests for this article.

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/

Manuscript source: Invited manuscript

Correspondence to: Amin Talebi Bezmin Abadi, PhD, 
Assistant Professor, Department of Bacteriology, Faculty of 
Medical Sciences, Tarbiat Modares University, Tehran 14115-111, 
Iran. amin.talebi@modares.ac.ir
Telephone: +98-21-82884883
Fax: +98-21-82884883

Received: August 23, 2016
Peer-review started: August 24, 2016
First decision: September 12, 2016
Revised: September 27, 2016
Accepted: November 14, 2016
Article in press: November 16, 2016
Published online: December 14, 2016

Abstract
Helicobacter pylori  (H. pylori ) is a gastric human pathogen 
associated with acute and chronic gastritis, 70% of all 

gastric ulcers, 85% of all duodenal ulcers, and both 
forms of stomach cancer, mucosal-associated lymphoid 
tissue (MALT) lymphoma and adenocarcinoma. Recently, 
attention has focused on possible relationship between 
presence of certain virulence factor and H. pylori -asso-
ciated diseases. Some contradictory data between this 
bacterium and related disorders has been observed since 
not all the colonized individuals develop to severe disease. 
The reported diseases plausibility related to H. pylori 
specific virulence factors became an interesting story about 
this organism. Although a number of putative virulence 
factors have been identified including cytotoxin-asso-
ciated gene a (cagA) and vacA , there are conflicting data 
about their actual participation as specific risk factor for 
H. pylori -related diseases. Duodenal ulcer promoting gene 
a (dupA ) is a virulence factor of H. pylori  that is highly 
associated with duodenal ulcer development and reduced 
risk of gastric cancer. The prevalence of dupA in H. pylori  
strains isolated from western countries is relatively higher 
than in H. pylori  strains from Asian countries. Current 
confusing epidemiological reports will continue unless 
future sophisticated and molecular studies provide data on 
functional and complete dupA cluster in H. pylori  infected 
individuals. This paper elucidates available knowledge 
concerning role of dupA  in virulence of H. pylori  after a 
decade of its discovery.

Key words: Helicobacter pylori ; dupA; Bacterial virulence; 
infection; Clinical outcome

© The Author(s) 2016. Published by Baishideng Publishing 
Group inc. All rights reserved.

Core tip: Helicobacter pylori  (H. pylori ) is one of the most 
common bacterial infections worldwide. Ten years ago, 
virB4  homologue was identified as a new virulence factor, 
dupA  “duodenal ulcer promoting gene A” by Lu and her 
colleagues. Nowadays, new genetical analysis using 
available sequences can help scientists to draw a better 
conclusion about dupA and its actual role in pathogenesis 
of H. pylori -related diseases. in this paper, we aim to 
draw a new shaped overview regarding H. pylori  and its 
virulence factors with emphasis of dupA.
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IntroductIon
Due to the difficulty in diagnosis and fastidious condi-
tion of an optimal growth, Helicobacter pylori (H. pylori) 
was an unculturable and thus forgotten microorganism 
for many years[1]. Following the clinical and histological 
observations in gastritis and duodenal ulcer patients, 
Marshall and Warren were able to isolate and charac-
terize this bacterium around thirty-three years ago[1,2]. 
New era had been started after this groundbreaking 
discovery and revealed as a publication in Lancet 
written by those Australian scientists[1]. As most of 
other human bacteria, H. pylori is mainly acquired 
during childhood and persists for the whole life of the 
colonized individual if not treated efficiently[3]. From 
bacteriologic point of view, H. pylori is a rod-shaped, 
microaerophilic Gram-negative organism which coloniz-
ing more than half of the world population[4]. Bacterial 
colonization induces acute inflammation in the gastric 
mucosa, a clinical manifestation which can be followed 
by diverse gastroduodenal disorders, but noted that 
only a minority of infected individuals develop severe 
diseases include duodenal ulcer and gastric cancer[4-8]. 
Many virulence-associated genes of H. pylori, including 
outer inflammatory protein a (OipA), vacuolating cyto-
toxin gene a (vacA), cytotoxin-associated gene a (cagA) 
and blood-group antigen-binding adhesion (babA2) are 
believed to have a critical role in determining the final 
clinical manifestation of the infection[9,10]. Therefore, 
various studies have conducted to discover better 
insights into the role of these proposed virulence fac-
tors in pathogenesis of digestive diseases[11-14]. None 
of the mentioned virulence factors have distinguished 
as discriminating factor in the development of peptic 
ulcer disease and gastric cancer. The main rationale for 
different diseases outcome observed among colonized 
individuals is still under debate, though scientists 
proposed different array of virulence biomarkers in this 
bacterium as regular answer to this question. In this 
paper, we aim to open a new window for defining a 
better description of a specific H. pylori virulence factor 
duodenal ulcer promoting gene a (dupA) based on 
current available knowledge.

VIruLEncE oF H. PYLORI
The definition of a virulence factor is referring to the 
ability of a bacterium to induce and develop a disease 
with a spectrum of severity[15]. Strains possessing these 
virulence factors are isolated more frequently from 
patients with the more serious clinical manifestations. 

It is logic to consider that for increase the chance of 
survival within harsh gastric condition H. pylori needs 
such smart strategies to keep the colonization. How-
ever, virulence factors can induce more cell damage 
with infiltrate immune cells to the location and thus 
inflammation will be the high priority event in epithelial 
cells[3]. Due to the chronic characteristic of H. pylori 
infection, scientists should expect to have particu-
lar definition of virulence factors for this bacterium. 
Virulence factors of H. pylori play an inevitable role in 
the development of gastroduodenal diseases through 
mucosal inflammation[10]. Basically, the criteria for 
being a virulence factor are (1) biologic rationale; (2) 
epidemiologic consistency; and (3) enough evidences 
for being linked with certain disease[15,16]. In order 
to define a virulence factor for each bacterium, it 
should pass many in vivo and in vitro experiments[17-20]. 
However, it is worthwhile to emphasize that only a 
limited number of proposed virulence factors had been 
successfully confirmed for H. pylori[17-19]. It had been 
well-documented that all H. pylori strains have several 
virulence factors such as flagella and urease enzyme 
since they have a critical role in bacterial colonization[4]. 
Urease enzyme (as cytoplasmic protein) is necessary 
to establish primary bacterial colonization in the gastric 
mucosa. H. pylori flagella provide sufficient ability to 
quickly penetrate the gastric mucosa layer to avoid 
exposure with harsh acid condition in the stomach[4]. 
In addition, some adhesines such as babA2, iceA1 and 
Sialic acid-binding adhesin (sabA) are mostly present 
in H. pylori strains, and these factors help the bacte-
rium to attach properly to the epithelial cells and serve 
as a unique virulence factor[9,21]. Clinically, gastric can-
cer and duodenal ulcer are standing in quite opposite 
sides of H. pylori-related disease spectrum. It brings a 
big query in the mind about disease plausibility which 
only can be explained with existence of diverse, but, 
specific virulence factors in this microorganism.

cagA
cagA is located at the end of the cag pathogenicity 
island (PAI), which is a 39-kb region transferred 
horizontally from an unknown bacterial source. The 
“pathogenicity islands” include cagA encode proteins 
contributing in signal transduction cascades that result 
in cytoskeletal rearrangement via actin polymerization 
and host cell protein phosphorylation[4]. Virulent strains 
of H. pylori possess the cagPAI. Many of H. pylori 
strains from patients with peptic ulcer or gastric cancer 
carry cagA, whereas many of those strains from 
asymptomatically infected persons lack this gene[4]. 
Currently, we identify two major types of H. pylori 
isolates: cagA gene-negative and cagA gene-positive 
strains. Counting a virulence factor for cagA needs 
another classification which is based on polymorphism 
in Glu-Pro-Ile-Tyr-Ala (EPIYA) motifs[4]. In cagA positive 
strains, there is a region contains the EPIYA motifs, 
which contains a tyrosine phosphorylation site[4]. Brief-
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ly, two major types (Western and Eastern cagA) were 
determined according to this polymorphism. Though, 
we need more biologic rationale to be consistent with 
clinical evidences to present better information on how 
to interoperate this classic virulence factor in H. pylori.

vacA
To now, vacA is the second most extensively investi-
gated virulence factor of H. pylori. Virtually all H. pylori 
strains have a functional vacA gene which codes for 
the secreted pore-forming protein vacA[22]. The main 
difference in bacteria carrying vacA is expression 
levels and disease severity which are associated with 
sequence variation in different domains of secreted 
protein[4]. There is a big gap on our knowledge regard-
ing biologic function of this protein since still many 
contradictory findings are exist[23-26]. So we need more 
investigation to determine how to count on vacA as 
useful H. pylori virulence factor.

dupA
As first time, in 2005, it has been described that a 
new virulence factor which was located in the plasticity 
region of the H. pylori genome. PR or “plasticity region” 
where composed the dupA, has a relatively high rate 
of allelic diversity in H. pylori genomic DNA[27,28]. Whole 
genome analysis of J99 and 26695 revealed regions 
where G + C content was lower than rest of the H. 
pylori genome (34% against 40%)[29]. Later, since high 
variability was observed in this region, it termed as 
“plasticity region’’. Currently, we know that more than 
60% of strain-specific genes of H. pylori are located in 
this area. In J99 and 26695 strains, two regions with 
lower G + C content and 45 kb and 69 kb long has 
been named as plasticity zones[30]. More than 50% of 
strain specific open reading frames (ORFs) are located 
in plasticity zone which are 46% and 48% unique 
genes from 26695 and J99, respectively. Interestingly, 
in comparison with 26695, the strain J99 has 33 more 
ORF in plasticity region (jhp914-jhp951)[30]. Lu et al[31] 
investigated this region and reported a continuous 
gene covering jhp0917 and jhp0918 genes for first 
time which is a risk factor for duodenal ulcer diseases. 
Accordingly, they named the jhp0917-jhp0918 gene 
the dupA gene. To date, many of putative H. pylori 
genes have been suggested to be linked with increas-
ing risk of digestive diseases, while none have been 
confirmed to be actually associated with unique and 
specific H. pylori-related disease such as gastric cancer 
or duodenal ulcer. Therefore, dupA can be named as 
first candidate to have achieved this distinction. Follow-
ing the primary study by Lu et al[31], a large number of 
controversial examinations has been published[32-42]. 
The global prevalence of dupA in patients with gastritis 
was reported around 45% which is highly differed 
among subjects with various nationality (31% in Asian 
and 64% in Western countries)[43,44]. Therefore, among 
most of Asian countries, a significant association 

between disease development and dupA status can 
be reported[38,45-54]. In two studies, first by Imagawa 
et al[37] patients infected with dupA-positive strains 
showed higher risk to suffer from duodenal ulcer than 
dupA-negative patients. In second study, we have 
found that higher acid resistance of the dupA-positive 
strains can explain the adaptation of those strains 
to human stomach with high gastric acid output[35]. 
Indeed, Lu et al[31] described that infections with H. 
pylori dupA-negative strains can increase the risk for 
duodenal ulcer, but it reduce the chance of occurrence 
for gastric[31]. Antral induction of IL-8 production is a 
main character of dupA pathogenesis causing predomi-
nant gastritis[46]. The mentioned mucosal inflammation 
and polymorphonuclear leukocytes (PMN) infiltration 
can lead to the occurrence of duodenal ulcer[31]. In 
a systematic review by Shiota et al[55] with more 
than 2466 patients, they confirmed an association 
between certain clinical outcomes and the dupA status. 
Moreover, presence of an extra 600 bp in dupA ORF in 
H. pylori strains such as g27 showed that the length 
of the dupA is differ among various strain, mostly 
declared that dupA has two main genotypes accord-
ingly, (long and short type)[35,38,55]. Unfortunately, most 
of studies in past did not consider this two types of 
dupA and thus the final results by them might be cau-
tiously useful. Another interesting topics about dupA 
is existence of several mutations in gene length[38,56]. 
At different positions, these mutations can create a 
premature stop codon with considerable effects on its 
produced proteins function[56]. Strains isolated from 
patients with duodenal ulcer mostly carrying dupA 
without stop codon in comparison with other diseases 
types[27]. Notwithstanding, without frameshift mutation 
dupA which called intact long-type dupA rather short-
type dupA is highly associated with gastric cancer[57]. 
It has been extensively reported that there is an 
association between increased expression levels of IL-8 
and dupA in the gastric mucosa of H. pylori-colonized 
individuals. As expected, many reports are indicating 
on gastric mucosal inflammatory cell infiltration was 
significantly higher in patients with dupA-positive H. 
pylori than in patients with dupA-negative strain[56,57]. 
As such, current data suggesting that only intact long 
type dupA can produce DupA protein and also serve 
as real virulence factor for H. pylori strains. In brief, 
current knowledge about dupA positive strain and its 
subsequent diseases vulnerability insist on significant 
associations between the dupA gene and an increased 
risk for duodenal ulceration rather gastric cancer. As 
final remarks about dupA, we can mention to these 
sentences as follow: (1) Additional tests of the dupA 
DNA sequence are necessary to determine actual 
importance of intact dupA; also in level of proteins 
with immunoblotting techniques; (2) Similar to the 
cagA, it has been asserted that dupA is forming a Type 
4 secretion system (T4SS) as a full gene cluster. Noted 
that virB4 and dupA as homologous genes together 
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are the major constituents of T4SS where located in 
plasticity region[52]; (3) Jung et al[38] recently examined 
South American population from Colombia to see 
association between dupA and virB gene homologs 
and clinical outcomes. In total, we concluded that 
intact dupA without shift mutation can serve as actual 
virulence factor with consistent results worldwide. It 
is no doubt that evaluation of various genes located 
in plasticity region are required and new data in close 
future can enrich our knowledge about this mysteri-
ous region of H. pylori genome; and (4) Broadly 
defined, virulence of H. pylori play an essential role in 
the development of severe gastroduodenal diseases 
such as duodenal ulcer through mucosal inflamma-
tion. With this regard, dupA as one of important risk 
factor was in focus of many researches in last years. 
The discrepancy observed among the epidemiologic 
studies can be explained by using various methods to 
determine existence of dupA, variation in ORF and dif-
ferent population’s bias. Thus, despite advances in our 
understanding of the development of H. pylori-related 
diseases, further work is required to clarify the roles of 
H. pylori virulence factors.

concLuSIon
H. pylori plays a critical role in the development of 
severe digestive diseases; though, the main virulence 
determinant acting in this field are still not completely 
defined. Now the question is to find the determining 
item to represent this interesting disease pattern. 
For sure, we admitted that H. pylori is involved in 
pathogenesis of both gastric cancer and duodenal 
ulcer while they are in quite opposite side of digestive 
diseases, again, how we can still accept a crucial role 
for H. pylori in these gastroduodenal diseases? Many 
studies had been performed to elucidate actual biologic 
role of dupA in development of severe gastroduodenal 
diseases such as gastric cancer[46-48]. The observed 
discrepancy of dupA link with disease outcomes might 
be associate with the plasticity region of H. pylori or the 
limitation of PCR to detect the various forms of dupA 
gene; however, in order to draw a better conclusion 
further experiments are required[58,59]. Interestingly, 
the presence of dupA was significantly associated with 
H. pylori eradication failure with no biologic explana-
tion[60-62]. In conclusion, it sounds that rather than 
promoting gastric cancer or duodenal ulceration in all 
populations, dupA is an effective factor for some of 
populations. Because of microarray analysis as new 
technology many new genes can be proposed as novel 
virulence biomarker for H. pylori.
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ranking fourth among cancer-related deaths. Despite 
all the major molecular advances and treatment 
breakthroughs, mainly targeted therapies, the corn-
erstone treatment of metastatic pancreatic cancer 
(mPC) remains cytotoxic chemotherapy. In 2016, more 
than 40 years after the introduction of gemcitabine in 
the management of mPC, the best choice for first-line 
treatment has not yet been fully elucidated. Two main 
strategies have been adopted to enhance treatment 
efficacy. The first strategy is based on combining 
non-cross resistant drugs, while the second option 
includes the development of newer generations of 
chemotherapy. More recently, two new regimens, 
FOLFIRINOX and gemcitabine/nab-paclitaxel (GNP), 
have both been shown to improve overall survival in 
comparison with gemcitabine alone, at the cost of 
increased toxicity. Therefore, the best choice for first 
line therapy is a matter of debate. For some authors, 
FOLFIRINOX should be the first choice in patients with 
an Eastern Cooperative Oncology Group score (0-1) 
given its lower hazard ratio. However, others do not 
share this opinion. In this paper, we review the main 
comparison points between FOLFIRINOX and GNP. 
We analyze the two pivotal trials to determine the 
similarities and differences in study design. In addition, 
we compare the toxicity profile of the two regimens as 
well as the impact on quality of life. Finally, we present 
studies revealing real life experiences and review the 
advantages and disadvantages of possible second-line 
therapies including their cost effectiveness.

Key words: Review; Metastatic pancreatic cancer; 
FOLFIRINOX; Gemcitabine/nab-paclitaxel; Pivotal trials
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Core tip: This paper is a mini-review that compares 
the design of the two pivotal trials studying the role 
of FOLFIRINOX and gemcitabine/nab-Paclitaxel in the 
management of metastatic pancreatic cancer. It also 
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Abstract
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analyzes the effects these regimens have on toxicity 
profile, quality of life, real life experiences, choice of 
second-line therapy and cost.

Ghosn M, Ibrahim T, Assi T, El Rassy E, Kourie HR, Kattan 
J. Dilemma of first line regimens in metastatic pancreatic 
adenocarcinoma. World J Gastroenterol 2016; 22(46): 
10124-10130  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i46/10124.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i46.10124

INTRODUCTION
Adenocarcinoma of the pancreas is one of the most 
aggressive human cancers, ranking fourth among 
cancer related deaths[1]. Recent biomolecular progress 
has led to a better comprehension of pancreatic car
cinogenesis; however, the revolutionary targeted and 
immune therapies have not shown any significant 
results[2]. Subsequently, cytotoxic drugs remain the 
backbone of treatment for metastatic pancreatic 
cancer (mPC). Gemcitabine has been the standard of 
care in mPC since 1996, providing a limited survival 
of six months due to the intrinsic capacity of cancer 
cells and the surrounding microenvironment to resist 
cytotoxicity[35]. More aggressive regimens were de
veloped to overcome these resistance mechanisms. 
The combination of noncross resistant agents, GTX 
(gemcitabine, docetaxel and capecitabine) and PEFG 
(cisplatin, epirubicin, fluorouracil and gemcitabine), 
enhanced tumor shrinkage by acting on different 
stages of cell cycle and bypassing mechanisms of drug 
resistance[68].

In 2011, French investigators from the Groupe 
Tumeurs Digestives of Unicancer and the PRODIGE 
Intergroup published the results of a phase Ⅱ/Ⅲ trial 
that revealed a clinically significant survival benefit and 
better quality of life for a regimen combining 5FU/
leucovorin, oxaliplatin and irinotecan (FOLFIRINOX) 
at the expense of increased toxicity[9]. Another option 
is nabpaclitaxel, which is a second generation chemo
therapy agent that exploits the ability of albumin 
to deliver the hydrophobic molecule, paclitaxel, to 
targeted tissues. Nabpaclitaxel was combined with 
gemcitabine in the multinational MPACT phase Ⅲ 
trial and added an OS benefit of 2.6 mo compared to 
single agent Gemcitabine[10,11]. Table 1 summarizes 
the efficacy of the FOLFIRINOX and gemcitabine/nab-
paclitaxel (GNP) as published in the pivotal studies of 
ACCORD/PRODIGE and MPACT trials, respectively.

The best choice for first-line therapy is a matter of 
debate. The National Comprehensive Cancer Network 
(NCCN) panel considers FOLFIRINOX as the first 
choice for Eastern Cooperative Oncology Group (ECOG) 
01 patients given its lower HR for death, whereas 
nabpaclitaxel should be reserved for ECOG 2 patients 

(NCCN 2016). Conversely, ASCO and ESMO consider 
both regimens as acceptable treatment options for 
ECOG 01 patients[12,13]. Indirect comparisons using the 
ESMO magnitude of clinical benefit scale show a higher 
score for the FOLFIRINOX regimen when compared 
to GNP (5/5 vs 2/5, with a higher score indicating a 
better regimen in terms of survival benefit and qua
lity of life)[14]. In addition, a Bayesian metaanalysis 
comparing multiple systemic protocols in advanced 
pancreatic cancer showed a trend toward better 
survival with FOLFIRINOX compared to GNP[15]. In view 
of this debate, we conducted this review to discuss 
the main comparison points between FOLFIRINOX 
and GNP, including the design of the two pivotal trials, 
toxicity profiles, quality of life, real life experiences, 
choice of secondline therapy and cost effectiveness.

TRIAL DESIGN: PRODIGE VS MPACT
The PRODIGE and MPACT trials were both randomized 
controlled trials (RCTs) based on an intent to treat 
principle and included 342 and 861 patients with mPC, 
respectively. Both trials had nearly the same tumor 
characteristics[9,16]. Additionally, the median age (61 
years for both trials) and sex ratio (1.6 for PRODIGE 
and 1.3 for MPACT) were nearly identical. However, the 
French trial included only patients less than 76 years 
old with good performance status based on the ECOG 
evaluation system (ECOG 01). In contrast, the MPACT 
trial did not specify an age limit (age ranged from 27 
to 86 years) and included patients with intermediate 
performance status based on the KPS system (KPS 
< 90 in nearly 42% of patients). In addition, the 
PRODIGE trial only included patients from French 
centers while the MPACT trial was a multinational study 
including patients from North America (63%), Australia 
(14%), and Eastern (15%) and Western Europe (9%). 
In addition, patients in the Gemcitabine arm of the 
PRODIGE trial received only 6 mo of therapy even if 
they were not progressing (17%), nearly half of whom 
did not continue. While some authors do not consider 
these differences important given that the survival 
curves of the gemcitabine arm in the two trials are 
“superimposable”, others do not share this opinion. In 
fact, Gemcitabine is a wellknown drug that is tolerated 
in the elderly population, even in intermediate health 
systems such as that of Eastern Europe. The same 
is not true when a new drug such as nabpaclitaxel 
is added to gemcitabine. In fact, the forest plot in 
the MPACT study clearly shows an effect of age and 
country on hazard ratio. In the same sense, Tehfe et al[17] 
published an analysis of patients from Canada (a sub
group of the MPACT trial) and showed an OS equal to 
11.9 mo in the GNP arm compared to 7.1 mo in the 
gemcitabine arm with a hazard ratio of 0.76. However, 
this subgroup analysis included only 63 patients and 
was underpowered to detect a statistically significant 
result.
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TOXICITY AND QUALITY OF LIFE
The toxicity profile of a chemotherapy regimen is 
a major contributor in its adoption. Based on the 
two trials, hematologic toxicity is in favor of the 
FOLFIRINOX regimen and includes a lower incidence 
of neutropenia (45% vs 38%) (although the use of 
GCSF was more common), anemia (7.8% vs 13%), 
and thrombocytopenia (9.1% vs 13%). The remain
ing toxicities are listed in Table 1[9,16]. Peripheral neu
ropathy attributed to Nabpaclitaxel is a particular 
debilitating toxicity; grade 3 peripheral neuropathy 
was encountered in 17% of the patients but improved 
to grade 1 toxicity or less in a median of 29 d[10]. Real
life studies with a closer followup of patients showed 
fewer side effects compared to those reported in the 
clinical trials[18]. Chemotherapyinduced hair loss is 
often a major determinant of the treatment regimen 
selected and was more commonly encountered in the 
GNP regimen (50% vs 11.2%)[9,16].

Overall, FOLFIRINOX remarkably improved global 
health status, emotional functioning and many of the 
symptoms of mPC, such as pain and anorexia (although 
FOLFIRINOX did not relieve diarrhea), in the first two 
months of treatment. It also showed significantly 
increased time to physical or cognitive deterioration[19]. 

On the other hand, quality of life was not assessed in 
the MPACT trial. In contrast, GNP showed significant 
improvement in qualityadjusted survival in comparison 
to gemcitabine alone using the QualityAdjusted 
Time Without Symptoms or Toxicities (QTWiST) me
thodology, despite the limitations of the QTWiST 
analysis and the lack of prospective quality of life data 
from the MPACT trial[8].

Because significant toxicity was not uncommon, 
more tolerable treatment regimens were created by 
modifying the administration or drug dosing sche
dule. In the modified FOLFIRINOX regimens, either 
the 5fluorouracil bolus was omitted or the dose of 
irinotecan was reduced. Stein et al[20] published solid 
data in a prospective study, enrolling both locally 
advanced and mPC patients who received a modified 
FOLFIRINOX regimen including a 25% dose reduction 
in 5-FU or irinotecan. These modifications successfully 
maintained the efficacy of the drugs while significantly 
decreasing the toxicity profile (decreased neutropenia, 
vomiting and fatigue). Additional exploratory analyses 
of the MPACT trial showed that patients who had dose 
delays or reductions (71% and 41%, respectively) 
had better outcomes[8]. These practical changes are 
capable of modifying the tolerance profile of the drugs 
while preserving efficacy. Tables 2 and 3 compare the 
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Table 1  Comparison of the pivotal studies approving FOLFIRINOX and gemcitabine/nab-paclitaxel in metastatic pancreatic cancer

ACCORD/PRODIGE trial (FOLFIRINOX )[9] MPACT trial (GNP)[10]

Study characteristics Duration December 2005-October 2009 May 2009-April 2012
Location France Multinational

Number of patients 342 861
Study design Phase 2-3 Phase 3
Control arm Gemcitabine Gemcitabine

Patient and tumor characteristics Median age 61 years 62 years
Sex distribution Male (62%) Male (57%)

ECOG PS 0 (37.4%) KPS 100 (16%)
PS 1 (61.9%) KPS 80-90 (77%)
PS 2 (0.6%) KPS 60-70 (7%)

Tumor stage Metastatic Metastatic
Metastatic sites Liver (87.6%) Liver (85%)

Lung (19.4%) Lung (35%)
Peritoneum (19.4%) Peritoneum (4%)

Tumor location Head (39.2%) Head (44%)
Response ORR (%)      31.6   23

PR (%)   31   23
SD (%)      38.6   27

DCR (%)      70.2   48
PFS (mo)        6.4        5.5
OS (mo)      11.1        8.5

1-yr OS (%)      48.4   35
Safety (Grade 3-4 toxicities) Neutropenia      45.7   38

Febrile neutropenia        5.4     3
Thrombocytopenia        9.1    13

Anemia        7.8   13
Fatigue      23.6   17

Peripheral neuropathy     9   17
Diarrhea      12.7     6

Side effects Toxic death        0.6     4
Alopecia      11.2   50

G-CSF use      42.5   26

DCR: Disease control rate; GNP: Gemcitabine/nab-paclitaxel; PR: Partial response; ORR: Overall response rate; OS: Overall survival; SD: Stable disease.
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failure. The disease control rate was 58% with a 
17.5% overall response rate and OS of 8.8 mo. Twelve 
patients (21%) had an ECOG of 2, and 40% had grade 
34 toxicities without any treatmentrelated deaths[25]. 
In another retrospective study by Zhang et al[26], 28 
patients treated with the same regimen showed less 
satisfactory results, with an OS of 23 wk.

Small retrospective studies assessed the efficacy of 
FOLFIRINOX in the second line setting with a modest 
improvement in OS, but none evaluated its efficacy 
after GNP[27,28]. In fact, the only data available is from 
the exploratory analyses of the second line treatment 
of the MPACT trial, where FOLFIRINOX (despite 
demonstrating interesting data) was only administered 
to 18 patients (10.5% of the whole population), calling 
the use of this treatment sequence into question[16].

Consequently, definitive recommendations con
cerning the optimal sequence of therapy cannot be 
made. The prospective data from the AGEO trial makes 
GNP a better and more plausible option as a second
line option after FOLFIRINOX administration. However, 
large RCTs are needed to create newer guidelines. 

classical to the modified form of FOLFIRINOX and GNP 
respectively[2023].

CHOICE OF SECOND-LINE
The optimal treatment sequence dictates the choice of 
first-line treatment for mPC. In fact, in the PRODIGE 
trial, only 47% of the patients were fit enough to receive 
secondline therapy while only 12.5% of patients 
received a secondline therapy after initially receiving 
a gemcitabinebased combination, yet the median OS 
was limited to 4.4 mo among those receiving second
line treatments. On the other hand, in the MPACT trial, 
40% of the patients received additional therapy after 
GNP[24]. According to these data, similar numbers of 
patients were able to receive secondline therapy after 
either FOLFIRINOX or GNP.

Data on the administration of GNP after FOLFIRINOX 
failure in the literature is limited to a few retrospec
tive studies with conflicting data. The AGEO trial, 
a prospective multicenter study, evaluated the use 
of GNP in the secondline setting after FOLFIRINOX 

Table 2  Comparison of the FOLFIRINOX and modified FOLFIRINOX trials

ACCORD/PRODIGE 
trial (FOLFIRINOX)[9]

Stein et al [20] Modified 
FOLFIRINOX

Mahaseth et al [21]

 (Modified 
FOLFIRINOX)

Ghorani et al [22] (Modified 
FOLFIRINOX)

Location France United States United States United Kingdom
Number of patients 342 44 36 18

Study design Phase 2-3 Prospective Phase 2 Prospective Phase 2 Prospective Retrospective
Study design Dosing 25% reduction in bolus 5-FU 

and irinotecan doses
No 5-FU bolus No 5-FU bolus and 25% 

reduction in irinotecan doses
Patient and tumor 
characteristics

Median age 61 years 62 63 60
Sex distribution Male (62%) Male (56.8%) Male (56.8%) Male (44.6%)

ECOG PS 0 (37.4%) PS 0 (46%) PS 0 (22%) PS 0 (56.6%)
PS 1 (61.9%) PS 1 (54%) PS 1 (76%) PS 1 (44.4%)
PS 2 (0.6%) PS 2 (1%)

Tumor stage Metastatic Metastatic Metastatic Locally advanced and 
metastatic

Metastatic sites Liver (87.6%) Liver (54.1%)
Lung (19.4%) Lung (32.4%)

Peritoneum (19.4%) Peritoneum (37.8%)
Tumor location Head (39.2%) Head (54.8%) NA Head (566%)

Response ORR (%)      31.6    35.1 30 47
PR (%)   31    35.1 NA 47
SD (%)      38.6    51.5 NA 23

DCR (%)      70.2    86.6 NA 80
PFS (mo)        6.4      6.1      8.5      7.2
OS (mo)      11.1    10.2   9      9.3

1-yr OS (%)      48.4 38 NA NA
Safety (grade 3-4 
toxicities)

Neutropenia      45.7    12.2   3   0
Febrile N.        5.4      4.1   0      5.6

Thrombocytopenia        9.1      9.5   4   0
Anemia        7.8      5.4   0
Fatigue      23.6    12.2 13      5.6

Peripheral neuropathy     9      2.7   4   0
Diarrhea      12.7    16.2 13    16.7

Toxic death        0.6   0   0   0
Additional information Pegfilgastrim on each cycle Pegfilgastrim on each 

cycle
Pegfilgastrim on each cycle

DCR: Disease control rate; PR: Partial response; ORR: Overall response rate; OS: Overall survival; SD: Stable disease.
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COST-EFFECTIVENESS
In addition to weighing efficacy and safety, oncologists 
must evaluate financial considerations to choose the 
optimal chemotherapy regimen. In fact, the NCCN 
shows a tendency toward incorporating the financial 
burden of cancer drugs into its decisionmaking 
strategy. Costeffectiveness of each regimen is largely 
dependent on the societal willingnesstopay (WTP) 
threshold set by each country. For instance, setting the 
WTP in Canada at $130000 makes the FOLFIRINOX 
regimen the optimal strategy in mPC. However, 
decreasing the limit to $80000 renders Gemcitabine 
monotherapy the only possible therapeutic choice[29]. 
Similarly, the increased WTP threshold in Greece 
rendered the GNP protocol a potential option in the 
treatment of patients with mPC[30].

Both FOLFIRINOX and GNP showed consistent 
costeffectiveness and costutility with superior 
survival efficacy in independent analytical studies[31,32]. 
However, it is not until recently that the values of 
each regimen were compared. The value of the di
fferent regimens in mPC was compared based on 
Medicare rates, which take into consideration the 
cost and administration of the drug, hospitalization 
and management of associated adverse events. The 
monthly costs of FOLFIRINOX and GNP were $7234 
and $12221 respectively. However, the cost of the 
overall treatment based on progression free survi
val in each protocol was estimated at $46289 and 
$67216. FOLFIRINOX seemingly exhibits higher cost
effectiveness than GNP according to these results. 
However, it is worth mentioning that the cost of the 
FOLFIRINOX regimen is mainly due to its toxicity 
profile. Dosing modifications could limit the incidence 
of serious side effects and thus further increase the 
costeffectiveness of this protocol (Monthly cost of 

FOLFIRINOX is $763 versus $9008 for the GNP protocol). 
Consequently, in September 2015, the National Institute 
for Health and Care Excellence recommended against 
the use of GNP in patients with mPC due to the limited 
benefits in comparison to the cost of the drug. An 
alternative cheaper option that might be considered is 
modified GNP (which is yet to be validated), which has 
an overall treatment cost of $36226[33].

CONCLUSION
Overall, both FOLFIRINOX and GNP result in better 
overall survival and quality of life. In the absence of 
direct comparison, the treatment choice for patients 
with mPC is determined by physical toxicity and 
financial cost, both of which favor the FOLFIRINOX 
regimen. Further studies should aim to evaluate the 
modified schedules and dosing of both regimens in 
multinational RCTs and search for biomarkers that 
predict response to treatment[34]. In addition, the 
choice of firstline therapy in the future may not be 
limited to these two regimens, as newly developed 
drugs/therapeutic strategies should be tested in clinical 
trials to find more efficacious options for patients with 
good performance status.
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Abstract
AIM
To investigate histologic abnormalities in the gastric 
smooth muscle of patients with diabetes mellitus (DM).

METHODS
Full-thickness gastric specimens were obtained from 
patients undergoing surgery for gastric cancer. H&E 
stain and Masson’s Trichrome stain were performed 
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to assess the degree of fibrosis. Immunohistochemical 
staining using various antibodies was also performed 
[antibodies against protein gene product 9.5 (PGP9.5), 
neuronal nitric oxide synthase (nNOS), vasoactive 
intestinal peptide (VIP), neurokinin-1 (NK1) receptor, 
c-Kit, and platelet-derived growth factor receptor-alpha, 
(PDGFRα)]. Immunofluorescent staining and evaluation 
with confocal microscopy were also conducted.

RESULTS
Twenty-six controls and 35 diabetic patients (21 short-
duration patients and 14 long-duration patients) were 
included. There were no significant differences in 
basic demographics between the two groups except 
in mean body mass index (BMI) (higher in the DM 
group). Proportions of moderate-to-severe intercellular 
fibrosis in the muscle layer were significantly higher 
in the DM group than in the control group (P  < 0.01). 
On immunohistochemical staining, c-Kit- and PDGFRα-
positive immunoreactivity were significantly decreased 
in the DM group compared with the control group (P  < 
0.05). There were no statistically significant differences 
in PGP9.5, nNOS, VIP, and neurokinin 1 expression. 
On immunofluorescent staining, cellularity of interstitial 
cells of Cajal (ICC) was observed to decrease with 
increasing duration of DM.

CONCLUSION
Our study suggests that increased intercellular fibrosis, 
loss of ICC, and loss of fibroblast-like cells are found in 
the smooth muscle of DM patients. These abnormalities 
may contribute to changes in gastric motor activity in 
patients with DM.

Key words: Diabetes mellitus; Interstitial cells of Cajal; 
Fibroblast-like cell; Gastroparesis; Enteric nerve system

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In this study, we discovered that increased 
intercellular fibrosis, loss of interstitial cells of Cajal, 
and loss of fibroblast-like cells are found in the smooth 
muscle of diabetes mellitus (DM) patients. These abnor-
malities may contribute to changes in gastric motor 
activity in patients with DM.

Park KS, Cho KB, Hwang IS, Park JH, Jang BI, Kim KO, Jeon 
SW, Kim ES, Park CS, Kwon JG. Characterization of smooth 
muscle, enteric nerve, interstitial cells of Cajal, and fibroblast-
like cells in the gastric musculature of patients with diabetes 
mellitus. World J Gastroenterol 2016; 22(46): 10131-10139  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i46/10131.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.
i46.10131

INTRODUCTION
Diabetes mellitus (DM), a metabolic disease caused by 

failure of blood sugar control, is a very common dis-
order, with a prevalence of 8.7% in adults[1]. It is well 
known that a lack of treatment of DM results in critical 
damage by causing acute complications (such as dia-
betic ketoacidosis or nonketotic hyperosmolar coma) 
along with chronic complications including nephropa-
thy, angiopathy, neuropathy, and ophthalmopathy[2]. It 
is also known that the majority of DM patients suffer 
one or more gastrointestinal (GI) symptoms, which 
involve abdominal pain, early satiety, constipation, 
diarrhea, nausea, vomiting, and fecal incontinence, 
and that these symptoms result in a lower quality of 
life for patients[3-8]. Although the mechanisms of GI 
complications in DM patients are still not completely 
understood, GI motor disturbance appears to play 
a critical role. Because factors including GI smooth 
muscle, intrinsic or extrinsic enteric nervous system 
(ENS), and GI hormones are involved in the control of 
GI motility, it is possible to hypothesize that damage 
to these factors causes GI dysmotility, and various GI 
symptoms might occur according to the sites involved[9].

Gastroparesis, a kind of GI complication of DM, 
is characterized by delayed gastric emptying[10], and 
occurs as a result of a problem in postprandial gastric 
contraction activity[9,11,12]. The major symptoms of 
gastroparesis include postprandial fullness, early 
satiety, nausea, vomiting, abdominal distension, and 
abdominal pain. Although many other diseases and 
circumstances such as medication, connective tissue 
disorders, neurologic disorders, and tumors can also 
be related to gastroparesis, DM is the most common 
cause[3,9,11,13]. In the past, diabetic gastroparesis was 
regarded as an ambiguous and rare condition that 
was caused by the irreversible damage of the vagal 
nervous system, which occurs after an extremely long 
presence of type 1 DM; however, since the introduc-
tion of the “gastric transit time” concept, many studies 
have been conducted into the pathophysiology of 
diabetic gastroparesis[5,11,12,14].

For an intact gastric emptying, synergic and appro-
priate movements of the proximal stomach, distal 
stomach, pylorus, and small intestine play critical roles. 
The role of the nervous system, which controls the 
gastric smooth muscle, is extremely important during 
gastric emptying[15]. However, recent studies show 
that the intragastric motor neurotransmission process 
causing gastric contraction is more complex than a 
simple process in which the neurotransmitters from 
nerve endings combine with the receptors of smooth 
muscle cells (SMC), and it is well known that the inter-
stitial cells of Cajal (ICC) play a very important role 
during this neurotransmission process[16-20]. Although 
there is not enough information about the roles in this 
neurotransmission process, fibroblast-like cells (FLCs) 
also show network connections to SMC via gap junc-
tions. Therefore, it is reasonable to assume that FLCs 
perform some role in the GI contraction process[21]. 
We can estimate the degree of expression of FLCs by 
immunohistochemical or immunofluorescent staining, 
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because they are widely stained with antibody to 
platelet-derived growth factor receptor α (PDGFRα)[22].

Research into the pathophysiology of diabetic gas-
troparesis has hitherto been performed by means of 
animal models; not only is research using human gas-
tric tissue rare, but the results also do not match well 
with those of animal models. Therefore, we intend to 
investigate how SMC, ENS, ICC, and FLCs are affected 
in DM using human gastric smooth muscle tissue.

MATERIALS AND METHODS
Subjects and tissues
Gastric specimens were obtained from gastric cancer 
patients who had been admitted to four university 
hospitals (Keimyung University Dongsan Hospital, 
Youngnam University Hospital, Kyungpook National 
University Hospital, Catholic University of Daegu 
Hospital) in Daegu province, South Korea, for surgery. 
Shortly after gastrectomy, entire layered tissues of 1 
cm × 2 cm in size were taken from areas free of cancer 
infiltration and used for various microscopic evaluations.

The tissues were taken from fundus, lesser curva-
ture of corpus, and lesser curvature of antrum in the 
cases of total gastrectomy, and were taken from lesser 
curvature of corpus, and lesser curvature of antrum in 
the cases of subtotal gastrectomy (Figure 1). The tis-
sues were obtained shortly after surgery, and removed 
tissues were fixed in formalin immediately.

The study protocol was reviewed and approved by 
the Institutional Review Board at Keimyung Univer-
sity Dongsan Hospital, Daegu, South Korea. A precise 
explanation of the protocol was given to each patient 
by a coordinator, and all the patients provided written 
informed consent before inclusion in this study.

H/E and Masson’s Trichrome stain
Tissue samples were fixed in formalin and embedded 
in paraffin. Sections (4-µm thick) were stained with 
H&E (hematoxylin and eosin) and Masson’s Trichrome 
to evaluate the degree of fibrosis of the muscularis 
propria layer. Each microscopic evaluation was per-

formed by the same pathologist who was blind to the 
group to which the patient belonged. The degree of 
fibrosis was estimated by consulting the criteria which 
are used for the estimation of hepatic fibrosis in chronic 
hepatitis[23]: mild fibrosis means minimal fibrosis 
without bridging; moderate fibrosis means bridging 
fibrosis without encirclement; severe fibrosis means 
muscle fiber-encircling fibrosis (Figure 2). The degree 
of fibrosis was compared between the two groups (no 
or mild fibrosis vs moderate or severe fibrosis).

Immunohistochemical staining
Sections (4-µm thick) from tissue embedded in a 
paraffin block were mounted on Superfrost Plus® 
glass slides (VWR Scientific, West Chester, PA, United 
States) and incubated at 60 ℃ for 15 min. Slides were 
deparaffinized in xylene, rehydrated in graded alcohol, 
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Figure 1  Tissue-sampled sites. Full-thickness tissue samples (2 cm × 1 cm 
size) were obtained from tumor-free sites in fundus, less curvature of corpus, 
and less curvature of antrum.

Figure 2 Degree of intercellular fibrosis. A: Mild fibrosis means minimal 
fibrosis without bridging; B: Moderate fibrosis means bridging fibrosis without 
encirclement; C: Severe fibrosis means muscle fiber-encircling fibrosis. Masson’s 
Trichrome stain (× 200).
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Table 1  Patient demographics n  (%)

UGI: Upper gastrointestinal; DM: Diabetes mellitus; BMI: Body mass 
index.

and washed in tap water. Endogenous peroxidase 
activity was blocked by incubating the sections with 
3% H2O2. Slides were placed in a steam cooker that 
was filled with 10 mmol/L sodium citrate buffer (pH 
6.0) for antigen retrieval. After treatment with protein 
block (DAKO, Carpinteria, CA, United States) for 10 
min to block nonspecific protein binding, the rabbit 
monoclonal or polyclonal antibody for PDGFR-α (sc-338, 
Santa Cruz Biotechnology, Dallas, TX, United States), 
neuronal nitric oxide synthase (nNOS) (EP1855Y, 
Abcam, MA, United States), neurokinin-1 (NK1) recep-
tor (NB100-74469, Nobus, CO, United States), protein 
gene product 9.5 (PGP9.5) (318A-16, Cell Marque, 
CA, United States), vasoactive intestinal peptide (VIP) 
(NB100-6568, Nobus, CO, United States), and c-kit 
(sc-5535, Santa Cruz Biotechnology, Dallas, TX, United 
States) were applied for 1 h, respectively. After reac-
tion with a biotinylated anti-mouse antibody for 30 
min, antigen-antibody complexes were visualized using 
a streptavidin-horseradish peroxidase conjugate (DAKO 
LSAB kit; DAKO, Los Angeles, CA, United States) and 
diaminobenzidine as a chromogen. Slides were coun-
terstained with Mayer’s hematoxylin for 3-5 min. The 
results were expressed as stained cell numbers under 
high magnification (× 400). Each value was calculated 
from a mean of three different sites.

Immunofluorescent staining
After washing sections (4-µm thick) from tissue 
embedded in paraffin block with phosphate-buffered 
saline (PBS, pH 7.4) and 3% dehydroxide solution 
for 5 min, sections were preincubated with blocking 
solution (Invitrogen, Carlsbad, CA, United States) 
for 30 min before being incubated with the anti-
ICC (ab5506, Abcam, Cambridge, United Kingdom). 
After the sections were incubated for 90 min with the 
primary antibodies, they were washed with PBS again 
before being incubated with secondary antibody (Alexa 
Fluor 488 goat anti-rabbit antibody, Invitrogen, CA, 
United States) for 90 min at 24 ℃. After rewashing 
with PBS, the specimens were counterstained with 
4’,6-diamidino-2-phenylindole (DAPI) and mounted. 
The immunostained tissues were evaluated with 
confocal laser scanning microscopy (LSM 5 EXCITER; 

10134 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

Carl Zeiss, Jena, Germany), using a C-Apochromat 
objective lens (× 40). Image analysis was completed 
with LSM software (version 3.98, Carl Zeiss, Jena, Ger-
many). Intensity of fluorescence in the DM group was 
compared with that in the control group and expressed 
as a percentage.

Statistical analysis
Values were compared between the DM and control 
groups. If necessary, subgroup analyses of the DM 
group between long-term (prevalent 10 or more years) 
and short-term (prevalent less than 10 years) groups 
were performed. The SPSS statistical package ver. 
20.0 (SPSS Inc., Chicago, IL, United States) was used 
for statistical analyses. All data are presented as the 
mean ± SD for continuous variables and as frequency 
or percentage for categorical variables. Student’s t-test 
was used for the comparison of continuous variables 
and a Pearson’s χ2 test for that of categorical variables. 
P values less than 0.05 were considered statistically 
significant.

RESULTS
Patient characteristics
From four university hospitals, 61 patients were reg-
istered: 39 were male and 22 were female. Thirty-six 
patients underwent total gastrectomy and 25 received 
subtotal gastrectomy. The number of patients in the 
control group was 26 and that of DM patients was 35; 
among the DM patients, 14 had suffered DM for 10 
or more years. Age, gender, and frequency of upper-
GI symptoms did not significantly differ between the 
two groups; however, patients in the DM group had 
a body mass index (BMI) of 24.2 ± 3.1 kg/m2, which 
was higher than the average BMI of the control group, 
which was 22.62 ± 3.0 kg/m2 (P = 0.045) (Table 1).

Fibrosis
Frequency of moderate or severe fibrosis appeared 
to be 80.0% in the antrum, 85.7% in the body, and 
81.3% in the fundus for the DM group. However, in the 
control group, the frequency of moderate or severe 
fibrosis was 30.8% in the antrum, 42.3% in the body, 
and 28.6% in the fundus. Therefore, the degree of 
fibrosis was statistically higher in the DM group in all 
areas of the stomach (Table 2). However, the DM dura-
tion did not affect the degree of fibrosis in any part of 
the stomach.

Immunohistochemical staining
When observed at high-power magnification (× 400), 
the number of c-Kit (+) cells, indicating ICC, appeared 
to be 11.6 ± 3.6 in the antrum, 12.3 ± 3.8 in the 
body, and 12.1 ± 3.4 in the fundus of the control 
group, whereas the antrum, body, and fundus of the 
DM group yielded c-Kit (+) cell numbers of 8.4 ± 2.9, 
8.0 ± 2.8, and 8.4 ± 2.4, respectively. Therefore, the 

DM (n  = 35) Control (n  = 26) P  value
Age (years) 62.3 ± 8.9 59.7 ± 10.4 0.297
Gender

Male 24 (68.6) 15 (57.7) 0.428
Female 11 (31.4) 11 (42.3)

BMI (kg/m2) 24.2 ± 3.1 22.6 ± 3.0 0.045
UGI symptoms

Yes 26 (74.3) 22 (84.6) 0.366
No 9 (25.7) 4 (15.4)
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number of c-Kit (+) cells was lower in the DM group 
than in the control group in all areas of the stomach (P 
< 0.001) (Table 3; Figure 3A and B).

However, the average PDGFRα (+) cell numbers 
in the control group were found to be 7.5 ± 2.6 in the 
antrum, 9.1 ± 4.0 in the body, and 7.2 ± 1.9 in the 
fundus, whereas the antrum, body, and fundus of the 
DM group yielded PDGFRα (+) cell numbers of 7.5 ± 
2.0, 6.7 ± 2.4, and 5.3 ± 2.7, respectively. Therefore, 
fewer PDGFRα (+) cells were found in the body (P = 
0.010) and the fundus (P = 0.021) of the DM group 
compared to those of the control group (Table 3; Figure 
3C and D).

There were no significant differences between both 
groups with regard to degree of expression of PGP9.5, 
nNOS, VIP, or NK1 receptor in any areas of stomach 
(Table 3).

Immunofluorescent staining
Immunofluorescence intensity of c-Kit (+) cells was 
100.0% ± 13.2% in the control group, 64.1% ± 0.7% 
in the DM group of < 10 years’ duration, and 36.1% 
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Table 3  Results of immunohistochemical stain

DM: Diabetes mellitus; PDGFRα: Platelet-derived growth factor receptor α; 
PGP9.5: Protein gene product 9.5; nNOS: Neuronal nitric oxide synthase; 
VIP: Vasoactive intestinal peptide; NK1R: Neurokinin 1 receptor.

DM (n  = 35) Control (n  = 26) P  value

c-Kit
Antrum 8.35 ± 2.89 11.63 ± 3.64 0.001
Body 7.98 ± 2.84 12.29 ± 3.84 0.000
Fundus 8.27 ± 2.40 12.16 ± 3.38 0.001

PDGFRα
Antrum 7.45 ± 1.96 7.49 ± 2.58 0.965
Body 6.73 ± 2.37 9.13 ± 4.00 0.010
Fundus 5.33 ± 2.73 7.16 ± 1.90 0.021

PGP9.5
Antrum 18.39 ± 5.16 18.64 ± 6.09 0.930
Body 15.47 ± 3.94 17.38 ± 4.98 0.090
Fundus 12.89 ± 5.76 14.22 ± 5.84 0.656

nNOS
Antrum 9.01 ± 4.01 8.17 ± 3.06 0.393
Body 7.75 ± 2.22 8.06 ± 3.79 0.976
Fundus 5.67 ± 2.61 6.08 ± 2.42 0.747

VIP
Antrum 4.73 ± 2.25 4.79 ± 2.90 0.720
Body 5.19 ± 2.14 5.33 ± 2.40 0.952
Fundus 3.79 ± 2.09 5.05 ± 2.94 0.256

NK1R
Antrum 0.65 ± 0.74 0.36 ± 0.38 0.253
Body 0.77 ± 0.78 0.59 ± 0.63 0.460
Fundus 0.54 ± 0.40 0.57 ± 0.60 0.705

Figure 3 Immunohistochemical staining of interstitial cells of Cajal (upper 
panel) and platelet-derived growth factor receptor α-positive fibroblast-
like cells (lower panel) in the human gastric corpus (× 200). Cellularity of 
ICC is higher in the control group (A) than in the DM group (B). Cellularity of 
FLCs is higher in the control group (C) than in the DM group (D). DM: Diabetes 
mellitus; FLCs: Fibroblast-like cells.

A

B

C

D
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Table 2  Degree of intercellular fibrosis n  (%)

DM: Diabetes mellitus.

Degree of fibrosis DM (n  = 35) Control (n  = 26) P  value

Antrum < 0.001
Moderate to severe 28 (80.0)  8 (30.8)
None or mild  7 (20.0) 18 (69.2)

Body 0.001
Moderate to severe 30 (85.7) 11 (42.3)
None or mild  5 (14.3) 15 (57.7)

Fundus 0.003
Moderate to severe 13 (81.3)  6 (28.6)
None or mild  3 (18.8) 15 (71.4)



± 5.1% in the DM group with > 10 years’ duration. 
Therefore, with increasing DM duration, the density of 
c-Kit (+) cells appeared to decrease (Figure 4).

DISCUSSION
In this research, the effects of DM on SMC, ENS, ICC, 
and FLCs (all related to GI motility) were investigated. 
Results showed that DM patients have excessive 
amounts of fibrosis in their gastric smooth muscles; 
decreased density of ICC and PDGFRα was also found 
in these patients.

Because formerly reported studies related to the 
gastric smooth muscle were achieved by means of 
animal experimentation and only a few studies used 
human gastric tissue, human gastric smooth muscle 
samples excised during cancer surgery were used in 
this study.

The tissues used in this study were taken from 
regions isolated from the cancer foci. Although the 
duration of gastric cancer was not consistent in each 
patient and the possibility that the cancer itself might 
affect the structure of adjacent smooth muscle cannot 
be disregarded, we included cancer surgery cases 
because it is difficult in practice to obtain gastric 
smooth muscle tissue samples from cases other than 

these[16,24].
Extrinsic nerve (such as vagus or sympathetic 

nerve) dysfunction[25,26], ICC dysfunction[16,19,27], intrin-
sic enteric nerve dysfunction[16,28], and smooth muscle 
dysfunction itself[29] have been consistently suggested 
as factors that affect gastric motility disorder during 
the causation of gastroparesis in DM patients. In 
this study, markers for these components were also 
observed by means of immunohistochemical and 
immunofluorescent staining.

Although several reports indicate that DM patients 
showing gastroparesis also show dysfunction of 
extrinsic nerve cells[25,26], this could not be observed in 
this study because the tissues excised were too small. 
Because it is unrealistic to stain entire specimens for 
observation, it seems more appropriate to measure 
pancreatic or gastric secretory function after stimula-
tion of the vagal nerve to evaluate the function of the 
gastric extrinsic nervous system.

Results from previous studies regarding changes 
in the gastric smooth muscle in DM patients are not 
consistent. Several studies report the degeneration 
and fibrosis of smooth muscle[30]; however, one report 
demonstrated no relationship of early DM with fibro-
sis[31]. These results suggest that fibrosis of the gastric 
smooth muscle might indicate an advanced state of 
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diabetic complication. In our study, the ratio of moder-
ate or severe fibrosis was significantly higher in the 
DM group than in the control group, but there was no 
difference according to the prevalent duration of DM. 
This result suggests that fibrosis of the gastric smooth 
muscle begins during the early stage of DM.

Since the role of ICC is accepted to be extremely 
critical for proper GI motility, several GI motility 
disorders have been confirmed to be caused by 
ICC damage[32-34]. The pathophysiology of diabetic 
gastroparesis has also been established to involve 
damage to ICC, not only in animal experiments but 
also in a human study[27]. This damage includes both 
a decrease in the number of ICC and microstructural 
abnormality[35]. Recent studies have shown that 
Ano-1 is the most important protein involved in the 
electrophysiological role of ICC, and that abnormalities 
in Ano-1 are involved in the development of diabetic 
gastroparesis[36]. In this study, we also proved that the 
number of ICC is decreased in all gastric areas of DM 
patients, and that these numbers are more severely 
decreased in long-term cases of DM. However, we 
could not investigate the degree of Ano-1 expression 
and microstructural abnormality of ICC; further inves-
tigations into this are necessary.

FLCs that express PDGFRα are interstitial cells that 
are assumed to have a particular role in GI motility 
and are connected to SMC through gap junctions. 
Although located very close to ICC, ultrastructural 
and functional aspects of FLCs are distinct from those 
of ICC[21]. Located very close to nerve endings, FLCs 
are considered to have a role in neurotransmission, 
especially within purinergic neurotransmission[37,38]. In 
this study, whereas a decrease in FLCs was observed 
in the gastric body and fundus of the DM group, no 
difference in the numbers of FLCs was observed in 
the antrum of the DM group compared to that of the 
control group. Considering that the fundus and upper 
body of the stomach play important roles in gastric 
accommodation through postprandial relaxation, it can 
be hypothesized that the damage in gastric accom-
modation caused by the FLCs decrease might be the 
major element causing gastroparesis in DM patients. 
Further research will be necessary after considering 
the functional aspects of FLCs.

The damage caused to not only the extrinsic ner-
vous system but also the intrinsic ENS in the diabetic 
animal model has long been investigated and has led 
to the elucidation of the impairment of nonadrenergic 
noncholinergic neurotransmission, impaired post-
receptor response to adrenalin[39,40], and especially 
impaired NO-mediated neurotransmission[33,41]. One 
study showed the impairment of several kinds of 
neurotransmitters including nNOS in colonic smooth 
muscle of DM patients[42], while another report showed 
decreased expression of both nNOS and NK-1 in the 
gastric smooth muscle of DM patients[16]. Therefore, 
reduced expression of nNOS was anticipated in this 
research as well; however, no difference in nNOS 

expression was observed between the DM group and 
control group. The result also did not exhibit any differ-
ence between the two groups with regard to expres-
sions of NK-1 receptor, PGP9.5 (neuronal marker), and 
VIP. Further investigation using immunofluorescence 
may be helpful in providing more clarity.

There are several limitations of our study. First, 
the symptom intensity and serial glucose level of 
each patient from the DM group were not analyzed. 
Because DM patients do not always show symptoms 
of gastroparesis, further study for the identification 
of pathologic factors associated with the presence 
or degree of symptoms will be necessary. Second, 
physiologic studies for investigation of gastric smooth 
muscle function and mechanism of muscular fibrosis 
were not performed. Additional studies on how the 
pathologic abnormalities observed in this study and 
gastric smooth muscle dysfunction affect each other 
might be helpful in the discovery of the mechanism 
of gastric dysmotility and the subsequent symptoms. 
Lastly, according to recent animal studies, the differ-
entiation process of macrophages plays an important 
role in the causation of diabetic gastroparesis[43,44]; 
however, experiments on this process could not be 
performed in this study. Because very little research 
into the role of the macrophage differentiation process 
in the causation of diabetic gastroparesis has been 
performed in human tissue, future study on this topic 
is needed.

Despite these limitations and the necessity for 
future research, this study is valuable because abun-
dant human tissues were used to identify effects on 
SMC, ICC, and FLCs in DM patients and the findings 
considered the prevalent duration of DM.

COMMENTS
Background
Gastroparesis, a kind of gastrointestinal (GI) complication of diabetes mellitus 
(DM), is characterized by delayed gastric emptying, and occurs as a result 
of a problem in postprandial gastric contraction activity. Although many other 
diseases and circumstances such as medication, connective tissue disorders, 
neurologic disorders, and tumors can also be related to gastroparesis, DM is 
the most common cause. Although the mechanisms of diabetic gastroparesis 
are still not completely understood, gastric motor disturbance appears to play 
a critical role. Because factors including gastric smooth muscle, intrinsic or 
extrinsic enteric nervous system (ENS), and GI hormones are involved in the 
control of gastric motility, it is possible to hypothesize that damage to these 
factors causes gastric dysmotility and gastroparetic symptoms.

Research frontiers
Research into the pathophysiology of diabetic gastroparesis has hitherto been 
performed by means of animal models; not only is research using human 
gastric tissue rare, but the results also do not match well with those of animal 
models.

Innovations and breakthroughs
This is a unique study that investigated the histologic abnormalities in the 
gastric smooth muscle of patients with DM using human gastric tissues.

Applications
Increased intercellular fibrosis, loss of interstitial cells of Cajal (ICC), and loss 
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of fibroblast-like cells were found in the gastric smooth muscle of DM patients. 
These findings suggest that changes in gastric motor activity in patients with 
DM may be caused by these abnormalities.

Terminology
The ICC is a kind of interstitial cell that is located in the GI tract. Many ICC 
communicating with each other form network systems and serve as electrical 
pacemakers. As a result, spontaneous electrical slow waves are generated 
in the GI tract. Since the role of ICC was accepted to be extremely critical for 
proper GI motility, several GI motility disorders have been confirmed to be 
caused by ICC damage.

Peer-review
In this study the authors aimed to investigate histologic abnormalities in the 
gastric smooth muscle of patients with DM and showed that DM patients have 
excessive amounts of fibrosis on their gastric smooth muscles, which may 
contribute to changes in gastric motor activity in patients with DM. They used 
histologic and staining techniques to identify the proposed changes of tissue 
samples. Since most of the published findings have been obtained from animal 
research, using human tissues makes this study distinguished and important.
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Abstract
AIM
To explore the relationship between colonic secretory 
function and colonic motility.

METHODS
Using a rat model chronically implanted with intracere-
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broventricular (ICV) and cecal catheters, we validated 
the correlation between colonic secretion and colonic 
motor functions, as well as the role of ICV injection 
volume.

RESULTS
Compared to saline controls (5 μL/rat), ICV acyl 
ghrelin at 1 nmol/5 μL enhanced the total fecal weight, 
accelerated the colonic transit time, and increased the 
fecal pellet output during the first hour post-injection, 
while ICV des-acyl ghrelin at 1 nmol/5 μL only 
accelerated the colonic transit time. These stimulatory 
effects on colonic motility and/or secretion from acyl 
ghrelin and des-acyl ghrelin disappeared when the 
ICV injection volume increased to 10 μL compared 
with saline controls (10 μL/rat). Additionally, the ICV 
injection of 10 μL of saline significantly shortened the 
colonic transit time compared with the ICV injection of 
5 μL of saline. The total fecal weight during the first 
hour post-injection correlated with the colonic transit 
time and fecal pellet output after the ICV injection 
of acyl ghrelin (1 nmol/5 μL), whereas the total fecal 
weight during the first hour post-injection correlated 
with the fecal pellet output but not the colonic transit 
time after the ICV injection of des-acyl ghrelin (1 
nmol/5 μL).

CONCLUSION
Colonic secretion does not always correlate with colonic 
motility in response to different colonic stimulations. 
Acyl ghrelin stimulates colonic secretion.

Key words: Colonic transit time; Fecal pellet output; 
Ghrelin; Intracerebroventricular injection; Secretion; 
Transit

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The colokinetic effects of acyl ghrelin and des-
acyl ghrelin depend on the intracerebroventricular (ICV) 
injection volume, and the acute increase of the ICV 
volume accelerates the colonic transit time. In addition, 
acyl ghrelin, rather than des-acyl ghrelin, stimulates 
colonic secretion. Colonic secretion does not always 
correlate with colonic motility in response to different 
colonic stimulations.

Huang HH, Ting CH, Syu YF, Chang SC, Chen CY. Correlation 
between colonic secretion and colonic motility in rats: Role 
of ghrelin. World J Gastroenterol 2016; 22(46): 10140-10147  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i46/10140.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.
i46.10140

INTRODUCTION
The colonic motor function is assessed by the colonic 

transit time (CTT), geometric center of colonic motility, 
and fecal pellet output. The fecal pellet output is a 
simple and easy method to measure colonic motor 
function[1,2]. Recently, the geometric center method has 
been validated as a good measure to evaluate colonic 
transit; however, it requires the use of radiochromium 
which limits its application. The CTT using trypan blue 
dye is another option to measure the entire colonic 
motor function. This method has the advantage of no 
radioactivity. Our recent study showed that human/rat 
corticotropin releasing factor (h/r CRF)[3,4], in addition 
to ghrelin as demonstrated by other studies, acceler-
ated the CTT in conscious fed rats, using the trypan 
blue dye method. Peripheral CRF injection was also 
shown to increase the fecal output and secretion[5].

Ghrelin is a 28-amino acid peptide that is mainly 
synthesized in the gastric oxyntic glands[6,7]. Acyl ghre-
lin and des-acyl ghrelin are the two major molecular 
forms of ghrelin found in the stomach and plasma. Acyl 
ghrelin is a ghrelin peptide acylated by ghrelin O-acyl 
transferase[8,9], and des-acyl ghrelin is produced with 
lacking O-n-octanoylation at serine 3[10,11]. Acyl ghrelin 
is well known as an orexigenic gut-brain peptide[12] and 
has the ability to regulate the gastrointestinal motil-
ity[13] and energy balance[14,15]. In contrast, des-acyl 
ghrelin is known to decrease food intake and disrupt 
the gastric motility[16,17]. Intracerebroventricular (ICV) 
injection of acyl ghrelin has been reported to speed 
the CTT[18], but the impact of des-acyl ghrelin through 
ICV injection on the colonic motor function is still 
unexplored.

In the current study, first, we aimed to investigate 
the effects of des-acyl ghrelin on colonic secretory and 
motor functions, as well as to validate the relationship 
between colonic secretion and motility. Second, we 
aimed to investigate the role of ICV injection volume 
in our unique rat model which can simultaneously 
measure the colonic motility and secretion in conscious 
rats.

MaTeRIals aND MeThODs
Animals
Male Sprague-Dawley rats (National Laboratory Animal 
Center, Taipei, Taiwan) weighing 250-320 g at the ini-
tial period of the experiment were used and housed in 
group cages under controlled illumination (light cycle: 
08:00-20:00), humidity and temperature of 22.5 ± 
1.5 ℃, and free access to water and laboratory chow 
pellets (LabDiet®, Brentwood, MO, United States). 
All experiments were performed starting at 9 a.m. in 
freely moving conscious rats, in accordance to guide-
lines which have been approved by the Institutional 
Animal Care and Use Committee, Taipei Veterans 
General Hospital.

Surgery
Implantation of the ICV catheter: For ICV implan-
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tation, the rats were anesthetized with sodium pento-
barbital (50 mg/kg, Nembutal; Abbott Laboratories, 
Abbott Park, IL, United States) by intraperitoneal 
injection, placed in a stereotaxic apparatus (Bench-
mark™, myNeuroLab, St. Louis, MO, United States), 
and implanted with a guide cannula (25-gauge; Eicom, 
Kyoto, Japan), which reached the right lateral ventricle. 
The stereotaxic apparatus was placed 0.8 mm poste-
rior to the bregma, 1.4 mm right lateral to the midline, 
and 4.5 mm below the outer surface of the skull using 
a stereotaxic frame with the incisor bar set at the 
horizontal plane passing through the bregma and lam-
bda[19,20]. The guide cannula was secured, a dummy 
cannula (Eicom) was inserted into the guide cannula, 
and a screw cap (Eicom) was placed as described in 
our previous study[19,20]. The rats were allowed 7 d for 
full recovery before food intake measurement after 
the implantation of the ICV catheters. If the rats did 
not increase their body weight 7 d after the operation, 
they were considered to have been injured during the 
operation and were excluded. All ICV injections with a 
total volume of 10 μL were administered over 60 s via 
the AMI-5 (Eicom).

Implantation of the colonic catheter: The rats 
were anesthetized with sodium pentobarbital (50 
mg/kg, Nembutal; Abbott) by intraperitoneal injec-
tion. After laparotomy of the lower abdomen, the 
proximal colon was exposed and a catheter (3 Fr, 1-mm 
diameter; ATOM) was implanted into the proximal 
colon, 2 cm distal from the cecocolonic junction[3,4,21]. 
The catheter was fixed with a purse-string suture at 
the colonic wall and routed subcutaneously to the 
interscapular region, exteriorized through the skin, 
and secured together with an intravenous catheter for 
intracolonic administration of the dye marker[3,4,21]. The 
animals were allowed to recover for 7 d before simul-
taneous measurement of colonic motor and secretory 
functions.

Preparation of drugs
Rat O-n-octanoylated ghrelin (Peptides International, 
Inc., Luisville, KY, United States) and rat des-acyl ghre-
lin (Peptides International) were kept in powder form 
at -20 ℃, and dissolved in sterile, pyrogen-free 0.9% 
saline (Otsuka, Tokyo, Japan) immediately before use.

Colonic motor and secretory function tests
Measurement of the CTT: The measurement of 
colonic motor and secretory function was modified 
from our previous studies[3,4,21]. The CTT was calculated 
using an enteral non-absorbable dye marker, trypan 
blue (Sigma Chemical Co., St. Louis, MO, United 
States). The dye (0.2 mL) was injected through the 
catheter positioned in the proximal colon, followed by 
a 0.2 mL saline flush 10 min after the ICV injection of 
acyl ghrelin and des-acyl ghrelin (1.0 nmol/rat). The 

CTT was defined as the time interval between the dye 
injection and the discharge of the first blue pellet.

Measurements of fecal pellet output and total 
fecal weight: The rats were accustomed to single 
housing for 7 d before the experiment. The total num-
ber of pellets was recorded every hour for 2 h following 
an intracolonic injection of trypan blue. The total fecal 
material was collected every hour for 2 h following the 
intracolonic injection of trypan blue, and its content 
was weighed as the total fecal weight[3,4,21].

Statistical analysis
All the results are expressed as mean ± standard 
error of the mean. One-way analysis of variance fol-
lowed by the Student-Newman-Keuls post-hoc test 
was used to detect the differences among groups. 
The relationship between total fecal weight, CTT, and 
the fecal pellet output in response to the ICV injection 
of either saline, acyl ghrelin, or des-acyl ghrelin was 
analyzed by Spearman’s nonparametric correlation. 
Differences were considered statistically significant 
when P < 0.05.

ResUlTs
The ICV injection of acyl ghrelin (1 nmol/5 μ L/rat) 
significantly accelerated the CTT, and increased the 
fecal pellet output and total fecal weight during the 
first hour post-injection, but des-acyl ghrelin (1 nmol/5 
μ L/rat) only significantly accelerated the CTT
As compared with saline controls (5 μL/rat), ICV 
acyl ghrelin (1 nmol/5 μL/rat) and des-acyl ghrelin 
(1 nmol/5 μL/rat) significantly accelerated the mean 
CTT from 292 to 236 and 234 min, respectively (P < 
0.05, Figure 1A). During the first hour post-injection, 
ICV acyl ghrelin (1 nmol/5 μL/rat) also significantly 
increased the fecal pellet output and total fecal weight 
(P < 0.05, Figure 1B and D). ICV acyl ghrelin (1 
nmol/5 μL/rat) did not affect the fecal pellet output and 
total fecal weight during the second hour post-injection 
(P > 0.05, Figure 1C and E). ICV des-acyl ghrelin (1 
nmol/5 μL/rat) did not affect either the fecal pellet 
output or total fecal weight during first and second 
hour post-injection (P > 0.05, Figure 1C and E).

An increased ICV injection volume shortened the CTT, 
which led to the disappearance of the colokinetic effects 
of acyl ghrelin and des-acyl ghrelin (1 nmol/10 μ L/rat)
An ICV injection of 10 μL of saline significantly short-
ened the mean CTT from 292 to 191 min compared 
to the ICV injection of 5 μL of saline (P < 0.05, Figure 
1A and F). Moreover, the ICV injection of acyl ghrelin 
(1 nmol/10 μL/rat) and des-acyl ghrelin (1 nmol/10 
μL/rat) did not have any effects on the CTT, fecal pellet 
output, and total fecal weight, compared to saline 
controls (10 μL/rat, Figure 1F-J).
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A

B

C

D

Figure 1  Effects of acyl ghrelin and des-acyl ghrelin on the colonic transit time (A and F), fecal pellet output (B, C, G, and H), and total fecal weight (D, 
E, I, and J) during the first and second hour post-injection at different intracerebroventricular injection volumes (5 μL/rat: A-E vs 10 μL/rat: F-J). Data are 
presented as mean ± standard error of the mean. aP < 0.05, vs saline controls.
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Relationships between total fecal weight, CTT, and fecal 
pellet output with an ICV injection volume of 5 μ L
We pooled the data from the ICV injection of saline, 
acyl ghrelin, and des-acyl ghrelin at 5 μL, and analyzed 
the correlations among total fecal weight, CTT, and 
fecal pellet output. The total fecal weight did not corre-
late with the CTT during the first hour and second hour 

post-injection (P > 0.05, Figure 2A and B), whereas 
the total fecal weight exhibited a significantly positive 
correlation with the fecal pellet output (P < 0.001, 
Figure 2D and E). The CTT had a negative correlation 
with the fecal pellet output during the first hour (P < 
0.05, Figure 2C) but not the second hour post-injection 
(P > 0.05, Figure 2F).
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Figure 2  Pooled data demonstrating the relationships among total fecal weight (A-D), colonic transit time (A, B, C, and F), and fecal pellet output (C-F) 
stimulated by saline, acyl ghrelin, and des-acyl ghrelin with the intracerebroventricular injection volume at 5 μL.
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Relationships between total fecal weight, CTT, and 
fecal pellet output during the first hour post-injection 
stimulated by acyl ghrelin and des-acyl ghrelin, 
respectively, with an ICV injection volume at 5 μ L
We analyzed the correlations between total fecal 
weight, CTT, and fecal pellet output during the first hour 
post-injection, in response to ICV injection of either 
acyl ghrelin or des-acyl ghrelin with the volume at 5 μL. 
The total fecal weight significantly correlated with the 
CTT and fecal pellet output during the first hour after 
ICV acyl ghrelin (1 nmol/5 μL/rat) injection (P < 0.01, 
Figure 3A and B). The total fecal weight significantly 
correlated with the fecal pellet output, but not the 
CTT, during the first hour after ICV des-acyl ghrelin (1 
nmol/5 μL/rat) injection (P < 0.001, Figure 3C and D).

DIsCUssION
In the present study, we first demonstrated the in vivo 
effects of ICV des-acyl ghrelin on colon motor and 
secretory functions. ICV injection of des-acyl ghrelin at 
1 nmol/5 μL accelerated the CTT without altering the 
fecal pellet output and total fecal weight during the first 
hour and second hour post-injection. Acyl ghrelin and 
ghrelin mimetics have been previously shown to exhibit 

colokinetic effects such as shortening the CTT[22] and 
decreasing the time to the first bowel movement[23], 
and may have the clinical implication in relieving diet-
induced constipation in a rat model[24]. In addition to 
accelerating the CTT and increasing the fecal pellet 
output during the first hour post-injection, we also 
showed that the ICV injection of acyl ghrelin at 1 nmol/5 
μL enhanced the total fecal weight during the first hour 
post-injection, which is consistent with the results that 
intrathecal but not intravenous application of acyl ghrelin 
to the L6-S1 region of the spinal cord increased the fluid 
output through the anal cannula[25]. Therefore, in our 
current study, the stimulatory properties of acyl ghrelin 
on the colonic secretion and motility are confirmed.

Although an acute increase of the ICV pressure has 
been reported to immediately suppress the amplitude 
of gastric and duodenal contractions in rabbits[26], the 
effects of the ICV injection volume on colonic secretion 
and motility still remain obscure. Our study was the 
first to demonstrate that the increased ICV injection 
volume (from 5 μL to 10 μL) shortened the CTT in 
saline controls. Because the CTT has been shortened 
in the saline controls, the stimulating effects on colonic 
motility and/or secretion by either acyl ghrelin or des-
acyl ghrelin disappeared when the ICV injection vol-
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Figure 3  The relationships among total fecal weight, colonic transit time, and fecal pellet output during the first hour post-injection stimulated by either 
acyl ghrelin (A and B) or des-acyl ghrelin (C and D) with the intracerebroventricular injection volume at 5 μL.
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ume increased to 10 μL at the same dose (1 nmol/rat). 
Acute moderate to severe head injury patients have 
been shown to have prolonged gastric emptying[27]. 
An increased intracranial pressure is proposed to be 
the major cause of gastric motility dysfunction[28]. The 
finding that an acutely increased ICV injection volume 
shortened the CTT may be explained by the increased 
intracranial pressure in a limited intracerebroventricu-
lar space, though we did not measure the increased 
intracranial pressure in our current study.

The CTT is considered a reflection of the motor 
function in the entire colon, while the fecal pellet 
output is the reflection of the distal colonic motor 
function[29]. This means that the acceleration of the 
colonic transit is not always equal to the increase of 
fecal pellet output. A recent rodent study indicated 
that the central administration of CRF and restraint 
stress accelerate the colonic transit but do not always 
correlate with the increase of fecal pellet output[28]. 
Our results are in accordance with this point (Figure 2B 
and C). We also showed that the ICV injection of acyl 
ghrelin enhanced the CTT, fecal pellet output, and total 
fecal weight, while the ICV injection of des-acyl ghrelin 
only accelerated the CTT. Therefore, we propose that 
acyl ghrelin accelerates the entire colon and distal 
colonic motor functions, whereas des-acyl ghrelin, 
lacking O-n-octanoylation at serine 3, may have 
greater effects in stimulating the proximal colon motor 
function without altering the distal colonic motility. In 
addition, our findings provide new information regard-
ing the relationship between colonic secretion and 
motility. The finding that the total fecal weight during 
the first hour post-injection correlated with the CTT 
stimulated by the ICV injection of acyl ghrelin (Figure 
3A) but not des-acyl ghrelin (Figure 3B) suggests that 
colonic secretion does not always correlate with colonic 
motility in response to different colonic stimulations.

In conclusion, the colokinetic effects of acyl ghrelin 
and des-acyl ghrelin depend on the ICV injection 
volume, and the acute increase of the ICV volume 
accelerates the CTT. In addition, acyl ghrelin, rather 
than des-acyl ghrelin, stimulates colonic secretion. 
Colonic secretion does not always correlate with colonic 
motility in response to different colonic stimulations.
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COMMeNTs
Background
Acyl ghrelin is well known as an orexigenic gut-brain peptide and has the ability 
to regulate the gastrointestinal motility and energy balance. In contrast, des-
acyl ghrelin is known to decrease food intake and disrupt the gastric motility.

Research frontiers
The intracerebroventricular (ICV) injection of acyl ghrelin has been reported to 
speed the colonic transit time (CTT), but the impact of des-acyl ghrelin through 
ICV injection on the colonic motor function is still unexplored.

Innovations and breakthroughs
This is the first study to investigate the effects of des-acyl ghrelin on colonic 
secretory and motor functions, as well as to validate the relationship between 
colonic secretion and motility. This is also the first study to evaluate the role of 
ICV injection volume on the colonic motility and secretion in conscious rats.

Applications
Using a rat model chronically implanted with ICV and cecal catheters, the 
authors validated the correlation between colonic secretion and colonic motor 
functions, as well as the role of ICV injection volume.

Terminology
The colokinetic effects of acyl ghrelin and des-acyl ghrelin depend on the ICV 
injection volume, and the acute increase in ICV volume accelerates the CTT. In 
addition, acyl ghrelin, rather than des-acyl ghrelin, stimulates colonic secretion. 
Colonic secretion does not always correlate with colonic motility in response to 
different colonic stimulations.

Peer-review
Colonic secretion does not always correlate with colonic motility in response to 
different colonic stimulations in rats: role of intracerebroventricular injectional 
volume. The aims of this study were to investigate the influences of des-acyl 
ghrelin on colonic secretory and motor functions, as well as to validate the 
relationship between colonic secretion and motility. Also the authors aimed to 
appraise the role of ICV injectional volume in our unique rat model which can 
simultaneously measure the colonic motility and secretion in conscious rats.
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Abstract
AIM
To investigate the role of the complement 5a (C5a)/
C5a receptor (C5aR) pathway in the pathogenesis of 
acute liver failure (ALF) in a mouse model.

METHODS
BALB/c mice were randomly assigned to different 
groups, and intraperitoneal injections of lipopolysac-
charide (LPS)/D-galactosamine (D-GalN) (600 mg/kg 
and 10 μg/kg) were used to induce ALF. The Kaplan-
Meier method was used for survival analysis. Serum 
alanine aminotransferase (ALT) levels, at different 
time points within a 1-wk period, were detected with a 
biochemistry analyzer. Pathological examination of liver 
tissue was performed 36 h after ALF induction. Serum 
complement 5 (C5), C5a, tumor necrosis factor-α 
(TNF-α), interleukin (IL)-1β, IL-6, high-mobility group 
protein B1 (HMGB1) and sphingosine-1-phosphate 
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levels were detected by enzyme-linked immunosorbant 
assay. Hepatic morphological changes at 36 h after 
ALF induction were assessed by hematoxylin and eosin 
staining. Expression of C5aR, sphingosine kinase 1 
(SphK1), p38-MAPK and p-p38-MAPK in liver tissue, 
peripheral blood mononuclear cells (PBMCs) and peri-
toneal exudative macrophages (PEMs) of mice or RAW 
264.7 cells was analyzed by western blotting. C5aR 
mRNA levels were detected by quantitative real-time 
PCR.

RESULTS
Activation of C5 and up-regulation of C5aR were 
observed in liver tissue and PBMCs of mice with ALF. 
Blockade of C5aR with a C5aR antagonist (C5aRa 
C5aRa) significantly reduced the levels of serum 
ALT, inflammatory cytokines (TNF-α, IL-1β and IL-6) 
and HMGB1, as well as the liver tissue damage, but 
increased the survival rates (P  < 0.01 for all). Blockade 
of C5aR decreased SphK1 expression in both liver 
tissue and PBMCs significantly at 0.5 h after ALF 
induction. C5aRa pretreatment significantly down-
regulated the phosphorylation of p38-MAPK in liver 
tissues of ALF mice and C5a stimulated PEMs or RAW 
264.7 cells. Moreover, inhibition of p38-MAPK activity 
with SB203580 reduced SphK1 protein production 
significantly in PEMs after C5a stimulation.

CONCLUSION
The C5a/C5aR pathway is essential for up-regulating 
SphK1 expression through p38 MAPK activation in ALF 
in mice, which provides a potential immunotherapeutic 
strategy for ALF in patients.

Key words: Acute liver failure; C5a/C5aR; p38-MAPK; 
Sphingosine kinase 1

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Recent studies and our work show that SphK1 
and complement activation play an important role in 
systemic inflammation in acute liver failure (ALF). It 
has been shown that C5a activates sphingosine kinase 
1 (SphK1) in macrophages. However, the mechanism 
of C5a-induced SphK1 activation is unknown. In this 
study we found that excessive activation of C5 and up-
regulation of C5aR in liver tissue, and the C5a/C5aR 
pathway is essential for potentiating SphK1 expression 
through p38 MAPK activation in ALF. To our knowledge, 
this is the first report of the mechanism of C5a-induced 
SphK1 activation, which provides a potential immuno-
therapeutic strategy for ALF in patients.

Lei YC, Lu CL, Chen L, Ge K, Yang LL, Li W, Wu YH. C5a/
C5aR pathway is essential for up-regulating SphK1 expression 
through p38-MAPK activation in acute liver failure. World J 
Gastroenterol 2016; 22(46): 10148-10157  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v22/i46/10148.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v22.i46.10148

INTRODUCTION
Despite availability of efficient antiviral drugs and 
artificial liver support system, acute liver failure (ALF) 
remains a largely intractable clinical problem, with high 
mortality rates (about 80%)[1]. It often requires urgent 
liver transplantation due to the limited therapeutic 
options[1-3]. Growing evidence suggests that ALF can 
trigger systemic inflammation through release of 
pro-inflammatory cytokines, such as tumor necrosis 
factor-α (TNF-α), interleukin (IL)-1β, and IL-6[4,5].

Sphingosine kinase 1 (SphK1) is an intracellular 
signaling enzyme that generates the lipid media-
tor sphingosine-1-phosphate (S1P)[6]. Several pro-
inflammatory stimuli, including complement 5a (C5a), 
activate SphK1 on macrophages, and blockade of 
SphK1 attenuates inflammatory responses[7-9]. Previous 
studies have shown that SphK1 plays a critical role in 
sepsis-induced inflammatory responses[10], and our 
recent work showed that expression and activation 
of SphK1 play an important role in ALF in a mouse 
model[11,12]. 

The C5a fragment is the most powerful pro-
inflammatory anaphylatoxin generated during com-
plement activation[13]. Increasing evidence suggests 
that excessive C5a can cause deleterious exaggeration 
of the innate immune responses during bacterial 
infections[14-16]. In animal models of sepsis, blockade 
of the C5a/C5aR pathway attenuates organ injury 
and increases survival rates in mice[16]. Recent studies 
indicate that complement activation plays an important 
role in lipopolysaccharide (LPS)/D-galactosamine 
(D-GalN)- and acetaminophen (APAP)-induced ALF in 
mice[17,18]. Moreover, C5a is over-produced during ALF, 
and inhibition of C5aR signaling alleviates liver injury in 
an animal model of ALF[17]. 

Based on the above results, we speculated that 
activation of the C5a/C5aR pathway plays an important 
role in SphK1 activation in ALF. Here, we report that 
SphK1 activation relies on C5a/C5aR interactions, 
which involve the mitogen-activated protein kinase 
(MAPK) signaling pathway. Blocking C5a/C5aR inte-
ractions effectively prevents LPS/D-GalN-induced ALF 
in mice, indicating that intervention of complement 
activation may be a useful immunotherapeutic strategy 
for ALF in patients.

MATERIALS AND METHODS
Animal model of ALF and treatment
Male BALB/c mice, weighing 20 ± 0.5 g, were obtained 
from the Experimental Animal Center of Nanchang 
University (Nanchang, China). Specific pathogen-
free male mice around 6-wk-old were used for all 
experiments. Mice were handled and treated in 
accordance with the strict guiding principles of the 
National Institution of Health for experimental care 
and use of animals and approved by the animal care 
and use committee of Zhejiang Hospital. After ALF was 
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induced, mice were sacrificed at the indicated time 
points as described previously[12]. Mice were randomly 
assigned to five groups (12 mice per group): PBS 
group, ALF group, C5aR antagonist (C5aRa) or cobra 
venom factor (CVF) pretreatment group, and C5aRa 
+ CVF pretreatment group. All of the groups were 
observed for 1 wk. 

Blockade of C5aR and complement depletion
For blockade of C5aR, mice were intraperitoneally 
injected with 1 mg/kg C5aRa (GL Biochem Ltd., 
Shanghai, China) 30 min before D-GalN/LPS challenge 
or treatment with PBS as a mock control. Complement 
was depleted by two intraperitoneal injections (7.5 
U each in 200 μL of saline/mouse) of CVF (Quidel 
Corporation, San Diego, CA, United States). The first 
injection was given 24 h before D-GalN/LPS or saline 
administration, and the second injection was given 5 h 
after the first CVF injection. This was done to prevent 
any adverse effects of rapid loss of complement.

Quantification of alanine aminotransferase and detection 
of serum cytokines, high-mobility group protein B1, C5, 
C5a and S1P 
Serum alanine aminotransferase (ALT) levels were 
measured using an Olympus AU5400 automatic bio-
chemistry analyzer, and the levels of serum cytokines 
(TNF-α, IL-1β and IL-6), high-mobility group protein 
B1 (HMGB1) and S1P were measured by enzyme 
linked-immunosorbant assay (ELISA) as described 
previously[12]. Serum C5a and C5 levels were mea-
sured with commercial ELISA kits according to the 
manufacturer’s instructions.

Western blot analysis and histological study of liver 
tissue
Western blot analysis was performed as previously 
described[11,12]. Briefly, 40 μg of protein from total 
tissue or cell lysate were used, and the blots were 
probed using polyclonal anti-mouse SphK1, C5aR, 
p38-MAPK and phospho-p38-MAPK antibodies (Santa 
Cruz Biotechnology, Dallas, TX, United States), with 
β-actin detected with anti-β-actin antibody (Santa Cruz 
Biotechnology) as a loading control. For histological 
study, liver tissue was fixed in 40 g/L phosphate-
buffered formalin, and 3-5 μm tissue sections were 
cut and stained with hematoxylin and eosin (HE) 
before microscopic evaluation at × 200 or × 400 
magnification.

Quantitative real-time polymerase chain reaction 
Liver tissues were obtained from mice at the indicated 
time points and total RNA was extracted using TRIZOL 
(Invitrogen, Carlsbad, CA, United States) and then 
reverse transcribed into cDNA using ReverTra Ace 
qPCR RT kit (Toyobo, Osaka, Japan). The cDNA was 
then amplified by PCR. Quantitative PCR with SYBR 
Green Realtime PCR Master Mix-Plus (Toyobo) was 
performed using a Prism 7000 (Applied Biosystems 

Inc, Foster City, CA, United States) sequence detection 
system, and mRNA levels were normalized to that 
of the housekeeping gene β-actin. Primer sequences 
for PCR amplification were as follows: C5aR forward, 
5′-TGGACCCCATAGATAACAGCAG-3’ and C5aR reverse, 
5′-GGAACACCACCGAGTAGATGAT-3′; β-actin forward, 
5′-TGGAATCCTGTGGCATCCATGAAAC-3′ and β-actin 
reverse, 5-AAAACGCAGCTCAGTAACAGTCCG-3′.

Peritoneal exudative macrophage isolation and cell 
culture
Peritoneal exudative macrophages (PEMs) were har-
vested from BALB/c mice. Cells were re-suspended in 
Dulbecco's modified Eagle's medium (DMEM) containing 
10% fetal bovine serum (FBS) at 5 × 106 cells/mL in a 
6-well plate and incubated for 4 h; 500 ng/mL of C5a 
(Biovision, Milpitas, CA, United States) and 10 nmol/L 
of C5aRa (60-min pre-incubation) were used. PEMs 
were harvested and lysed for western blot analysis 
of SphK1. RAW 264.7 cells were obtained from the 
Institute of Cell Biology of the Chinese Academy of 
Sciences (Shanghai, China) and were cultured in 6-well 
plates and propagated in DMEM supplemented with 
10% FBS, 100 U/mL penicillin, and 100 mg/mL strep-
tomycin. Cells were stimulated with C5a (500 ng/mL) 
or C5a + C5aRa (pre-incubated for 60 min with 10 
nmol/L of C5aRa in the presence of C5a). Inhibition of 
p38-MAPK activity was achieved with SB203580 (10 
mmol/L). 

Statistical analysis
Data are expressed as the mean ± standard error of 
the mean. Statistical significance was determined by 
a two-tailed Student’s t-test or one-way analysis of 
variance (ANOVA), and, specifically, a log-rank test 
for survival analysis. A P value < 0.05 was considered 
statistically significant. Statistical image analysis 
was performed after determining that the data fit a 
normal distribution. A two-tailed Student’s t-test was 
employed after the exclusion of outliers that were less 
or greater than two standard deviations away from the 
median. All statistical analyses were performed using 
SPSS 13.0 for Windows.

RESULTS
Excessive activation of C5 and up-regulation of C5aR in 
liver tissue of mice with ALF
To address the relevance of C5 activation in ALF in 
mice, we first challenged BALB/c mice with D-GalN/
LPS and examined C5 activation over a time course. 
Upon D-GalN/LPS challenge, C5a levels in serum 
rapidly increased within 6 h and peaked at 12 h 
(Figure 1A). Although serum C5a levels began to 
decrease after 24 h of ALF induction (Figure 1B), the 
serum C5a level at 36 h was still higher than that of 
the unchallenged mice (Figure 1B). Compared to the 
controls, expression of C5aR mRNA (> 15-fold) and 
protein was elevated significantly in liver tissue of 
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ALF mice (Figure 1C and D). These results suggest 
that excessive complement activation occurs during 
D-GalN/LPS-induced ALF in mice. 

Blockade of the C5a/C5aR pathway attenuates D-GalN/
LPS-induced ALF in mice
To achieve a blockade of C5aR signaling during 
ALF, we chose to use a C5aRa. Blockade of C5aR 
apparently attenuated ALF, as demonstrated by a 
significant reduction in serum levels of ALT (Figure 
2A), inflammatory cytokines (Figure 2B and C) and the 
liver tissue damage (Figure 2D), as well as an increase 
in survival rates (Figure 2E) in mice after D-GalN/LPS 
challenge. In addition, depleting complement by CVF 
pretreatment also resulted in a significant decrease in 
susceptibility to D-GalN/LPS challenge, as evidenced 
by a reduction in serum ALT levels (Figure 3A) along 
with an increase in survival rates (Figure 3B) compared 
with the control. Furthermore, treatment with C5aRa 
further lessened the pathogenic effect on D-GalN/
LPS challenged mice receiving CVF pretreatment, 
as evidenced by lower levels of serum ALT (Figure 
3C), inflammatory cytokines (TNF-α, IL-1β and IL-6) 
and HMGB1 (Figure 3D and E). These data clearly 
demonstrate that abrogating the C5a/C5aR pathway 
can alleviate the severity of ALF.

C5a/C5aR pathway is required for the expression of 
SphK1 during ALF 
Given the critical role of SphK1 in D-GalN/LPS-induced 
ALF[11,12], we measured SphK1 expression in C5aRa 
pretreated mice. These mice exhibited a significant 
reduction in SphK1 expression in both liver tissue and 
peripheral blood mononuclear cells (PBMCs) at 0.5 h 
after ALF induction (Figure 4A and B). Blockade of SphK1 
activity in vivo was confirmed by reduced S1P level 
(Figure 4C). Moreover, treatment with CVF appeared to 
be capable of further reducing SphK1 expression in ALF 
mice receiving C5aRa (Figure 4A and B). 

Previous evidence has suggested that macrophages 
and PBMCs are the major source of SphK1 expression 
during D-GalN/LPS-induced ALF in mice[11,12] and 
C5aR is highly expressed in macrophages and the 
macrophages-derived cell line RAW 264.7[19]. To further 
explore whether C5a could directly induce SphK1 
expression in macrophage, we stimulated murine PEMs 
with recombinant C5a. Compared to the controls, the 
C5a stimulated PEMs exhibited a significant increase 
in SphK1 expression, and this effect was abolished by 
C5aRa pretreatment (Figure 4C), indicating that C5a/
C5aR interactions directly modulate SphK1 production 
in macrophages. Furthermore, C5a treatment led to an 
increase in SphK1 expression in RAW 264.7 cells and 
this effect was also abolished by C5aRa pretreatment 
(Figure 4D). These results indicate that the C5a/C5aR 
pathway associates with SphK1 expression and the 
pathogenesis of ALF in mice. 
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Figure 1  Excessive activation of C5 and up-regulation of C5aR in liver 
tissue of mice with acute liver failure. Acute liver failure was induced in 
BALB/c mice using D-GalN (600 mg/kg) and LPS (10 μg/kg). A: Serum levels 
of C5a at 12, 24 and 36 h increased significantly compared with that at 0 h (42.8 
ng/mL ± 4.77 ng/mL, 35.22 ng/mL ± 3.62 ng/mL, 25.52 ng/mL ± 4.02 ng/mL vs 
12.23 ng/mL ± 2.55 ng/mL, t = 19.31, 17.2, and 9.67, respectively, eP < 0.001); 
B: Serum levels of C5 at 12, 24 and 36 h increased significantly compared with 
that at 0 h (0.65 mg/mL ± 0.117 mg/mL, 0.343 mg/mL ± 0.09 mg/mL, 0.211 mg/
mL ± 0.06 mg/mL vs 1.413 mg/mL ± 0.209 mg/mL, t = 11.03, 16.29, and 19.15, 
respectively, eP < 0.001); C and D: Expression of C5aR mRNA and protein in 
liver tissue. The mean ± SE of three independent experiments is shown (error 
bar indicates standard error).
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Figure 2  C5aRa attenuates D-GalN/LPS induced acute liver failure in mice. A: C5aRa decreased serum levels of ALT at 12 h and 24 h significantly (3736.12 
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± 49.87 pg/mL, 213.52 pg/mL ± 42.69 pg/mL vs 500.87 pg/mL ± 104.14 pg/mL, t = 5.96, 6.94, and 8.84 respectively, eP < 0.001); C: C5aRa reduced HMGB1 levels 
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48.71 ng/mL ± 15.6 ng/mL, t = 9.13, 11.64, and 6.85, respectively, eP < 0.001); D: Immune cell infiltration and tissue damage were detected by HE staining at 36 h 
after onset of ALF (1 = normal mice; 2 = ALF mice; 3 = C5aRa treated mice; magnification, × 100); E: Kaplan-Meier analysis of the effect of C5aRa on survival rates of 
animals (eP < 0.001, log-rank test, F = 14.06). The mean ± SE of three independent experiments is shown (error bar indicates standard error). ALF: Acute liver failure. 
TNF-α: Tumor necrosis factor-α; IL: Interleukin.
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C5aR signaling induces SphK1 expression through 
activation of p38-MAPK
Recent studies show that C5a has a critical role in 
regulating macrophage functions and p38-MAPK is 
activated in macrophages during C5a stimulation[20]. 

Whether C5a induced SphK1 expression through 
p38-MAPK activation needs further investigation. To 
explore the relation of C5a/C5aR interactions with p38-
MAPK phosphorylation in vivo, we first examined the 
tyrosine phosphorylation status of p38-MAPK after 
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C5aRa pretreatment. As expected, the liver tissues 
presented with remarkably lower levels of p38-MAPK 
phosphorylation at 6 h and 12 h in C5aRa pretreated 
mice compared to controls (Figure 5A). In line with the 
in vivo result, a faster and persistent phosphorylation 
of p38-MAPK was clearly observed in PEMs stimulated 
with C5a, and C5aRa abolished this effect (Figure 5B). 
These results indicated that the C5a/C5aR pathway 
is involved in mediating C5a-induced p38-MAPK 
phosphorylation.   

To investigate whether p38-MAPK activation 
mediates C5aR-dependent SphK1 induction, we used 
SB203580 to directly inhibit p38-MAPK activity. Pre-
incubation with SB20380 significantly reduced SphK1 
production in PEMs upon C5a stimulation (Figure 5C). 
Under our experimental condition, SB203580 showed 
no cytotoxicity, as confirmed by > 95% of the cells 
with trypan blue exclusion after incubation for 6 h and 
24 h (data not shown). These data indicate that the 
p38-MAPK signaling pathway mediates C5a/C5aR-
induced SphK1 production in macrophages.

DISCUSSION
D-GalN/LPS-induced ALF in mice efficiently reproduces 
the clinical syndrome of ALF in humans. Although 
it has been noticed that complement activation 
plays an important role in LPS/D-GalN- and APAP-
induced ALF[17,18], the possible role of complement 
activation in promoting ALF has not been investigated 
previously. Here, we found that ALF strongly activates 
the complement system, leading to a C5a increase. 
Attenuation in wild-type mice treated with C5aRa 
upon LPS/D-GalN-induction clearly validated the role 
of the C5a/C5aR pathway in the pathogenesis of ALF. 
In vivo and in vitro experiments also suggest that 
C5a/C5aR interactions up-regulate the expression 
and activation of SphK1 in macrophages through p38-
MAPK activation.

Extensive expression and activation of SphK1 are 
a hallmark for LPS/D-GalN-induced ALF[11,12]. Our data 
show that upon LPS/D-GalN challenge, inhibition of 
C5aR signaling with C5aRa can substantially reduce 
SphK1 production, thus protecting the animals from 
ALF. These results demonstrate that the C5a/C5aR 
pathway, via induction of SphK1 expression, plays 
a key role in ALF. It also implies that the excessive 
activation of complement, particularly C5a levels, may 
serve as a clinical criterion for disease diagnosis and 
prediction of severity in patients with ALF.

It has been shown that bacterial infections and 
LPS can quickly activate the complement system[16,21]. 
In accordance with the previous results[17,18], the 
complement system is rapidly activated in ALF. This 
is confirmed by the observation of serum C5a level 
upsurge at the early stage of ALF development, 
indicating that C5a is an early mediator of ALF. This 
excessive complement activation and consumption at 
the early stage appear to explain the drop in serum 
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C5 levels and C5 exhaustion in LPS/D-GalN-induced 
ALF. Although serum C5a levels in these mice began 
to decrease at 24 h after challenge, likely due to C5 
exhaustion, the serum C5a level at 36 h was still 
higher than that of control, implying that C5a may also 
play a role in pathogenesis at the late stage of disease.

Excessive expression and activation of SphK1 are 
critical to the pathogenesis of ALF and inhibition of SphK1 
with a specific inhibitor (N,N-dimethylsphingosine, DMS) 
attenuates mouse liver injury and increases the survival 
rate, supporting a critical role for SphK1 in ALF[17]. Our 
study clearly showed that if C5aR signaling was inhibited, 
LPS/D-GalN failed to induce massive expression of 
SphK1 in the affected liver, indicating that C5a/C5aR 
interactions participate in the expression and activation 
of SphK1 for causing the disease.

Several proinflammatory stimuli, including anaphy-
latoxin C5a and TNF-α, activate SphK1 on human 
macrophages, and blockade of SphK1 inhibits several 
pro-inflammatory responses triggered by these 
stimuli[7-9]. As a result, we speculated that C5a/C5aR 
interactions are essential for SphK1 expression and 
activation. It has been shown that C5a is able to activate 
the three major MAPK pathways in most of inflammatory 
cells, including macrophages[22,23], and a recent study 

indicated that the C5a/C5aR pathway is necessary 
for p38-MAPK phosphorylation in macrophages[20]. 
Furthermore, MAPK activation plays a key role in C5a-
induced production of inflammatory cytokines[15,22]. In 
accordance with these results, we found that in vitro, 
C5a-induced SphK1 expression is largely dependent 
on activation of the p38-MAPK pathways. Our result 
identified that C5 activation and C5a/C5aR interactions 
play an important role in mediating p38-MAPK activation 
in liver tissue that leads to the pathogenesis of ALF. 

Although the specific mechanism of complement 
activation during ALF is not very clear, the observation 
that C5a/C5aR signaling play an important role in 
the development of experimental ALF sheds light on 
the new strategies for treating ALF patients. Further 
research is needed to investigate the potential role 
of C5a in ALF in humans, and C5aR antagonist or 
C5a-neutralizing antibodies appear to have existing 
advantages for their usage in clinical treatment of ALF.

In conclusion, our results provide direct evidence 
that C5a/C5aR signaling plays a critical role in the 
pathogenesis of LPS/D-GalN-induced ALF in mice. 
Moreover, it is the first time we found that the C5a/
C5aR pathway participates in the expression and 
activation of SphK1 through p38-MAPK activation. 
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Figure 5  C5aR signaling induces SphK1 expression through activation of p38-MAPK. A: C5a induced p38-MAPK activation in liver tissue of acute liver failure 
(ALF) mice; B: PEMs were stimulated with C5a (500 ng/mL) or C5a + C5aRa (pre-incubated 60 min with 10 nmol/L of C5aRa in the presence of C5a); C: Inhibition of 
p38-MAPK activity with SB203580 down-regulated SphK1 expression in PEMs stimulated with C5a.
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We have reasons to believe that interfering in the 
C5a/C5aR signaling pathway can become a promising 
immunotherapeutic strategy for ALF in patients. 

COMMENTS
Background
Recent studies and our work show that sphingosine kinase 1 (SphK1) and 
complement activation play an important role in systemic inflammation in acute 
liver failure (ALF). It has been shown that complement 5a (C5a) activates 
SphK1 in macrophages. However, the mechanism of C5a-induced SphK1 
activation is unknown. 

Research frontiers
Systemic inflammation is an important feature of ALF, in which macrophages 
and inflammatory cytokines released by macrophages play a critical role. C5a 
is the most powerful pro-inflammatory mediator, and excessive C5a can cause 
exaggeration of the inflammatory responses while blockade of C5a/complement 
5a receptor (C5aR) interactions increases survival rates in mice with sepsis. 
Moreover, complement activation also plays an important role in ALF.

Innovations and breakthroughs
In this study the authors found excessive activation of C5 and up-regulation 
of C5aR in liver tissue of ALF mice. The C5a/C5aR pathway is essential for 
potentiating SphK1 expression through p38-MAPK activation in ALF in mice. 
This is the first report of the mechanism of C5a-induced SphK1 activation. 

Applications
Blockade of the C5a/C5aR pathway may represent a valuable immunotherapeutic 
strategy for ALF in patients.

Peer-review
Very interesting study. The authors investigated the role of the C5a/C5aR 
pathway in ALF in a mouse model. BALB/c mice were randomly assigned to 
different groups, intraperitoneal injection of D-galactosamine/lipopolysaccharide 
were used to induce ALF. Serum C5, C5a, tumor necrosis factor-α, interleukin 
(IL)-1β, IL-6, high-mobility group protein B1 and sphingosine-1-phosphate 
were detected by enzyme-linked immunosorbent assay. Hepatic morphological 
changes at 36 h were assessed, and the expression of C5aR, SphK1, p38-
MAPK and p-p38-MAPK in liver tissue, peripheral blood monocytes and 
peritoneal exudative macrophages of mice or RAW 264.7 cells were analyzed. 
The authors found that the C5a/C5aR pathway is essential for potentiating 
SphK1 expression through p38-MAPK activation in ALF, providing a potential 
immunotherapeutic strategy for ALF in patents. 
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Abstract
AIM
To test whether Nox1 plays a role in typhlitis induced 
by Salmonella  enterica serovar Typhimurium (S. Tm) in 
a mouse model.

METHODS
Eight-week-old male wild-type (WT) and Nox1 knockout 
(KO) C57BL6/J (B6) mice were administered metroni-
dazole water for 4 d to make them susceptible to S. Tm 
infection by the oral route. The mice were given plain 
water and administered with 4 different doses of S. Tm 
by oral gavage. The mice were followed for another 4 
d. From the time of the metronidazole application, the 
mice were observed twice daily and weighed daily. The 
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ileum, cecum and colon were removed for sampling at 
the fourth day post-inoculation. Portions of all three 
tissues were fixed for histology and placed in RNAlater 
for mRNA/cDNA preparation and quantitative real-time 
PCR. The contents of the cecum were recovered for 
estimation of S. Tm CFU.

RESULTS
We found Nox1-knockout (Nox1-KO) mice were not 
more sensitive to S. Tm colonization and infection than 
WT B6 mice. This conclusion is based on the following 
observations: (1) S. Tm-infection induced similar weight 
loss in Nox1-KO mice compared to WT mice; (2) the 
same S. Tm CFU was recovered from the cecal content 
of Nox1-KO and WT mice regardless of the inoculation 
dose, except the lowest inoculation dose (2 × 106 CFU) 
for which the Nox1-KO had one-log lower CFU than 
WT mice; (3) there is no difference in cecal pathology 
between WT and Nox1-KO groups; and (4) there are 
no S. Tm infection-induced changes in gene expression 
levels (IL-1b, TNF-α, and Duox2) between WT and 
Nox1-KO groups. The Alpi gene expression was more 
suppressed by S. Tm treatment in WT than the Nox1-
KO cecum. 

CONCLUSION
Nox1 does not protect mice from S. Tm colonization. 
Nox1-KO provides a very minor protective effect 
against S. Tm infection. Using NOX1-specific inhibitors 
for colitis therapy should not increase risks in bacterial 
infection.

Key words: Knockout mouse; NADPH Oxidase-1; 
Salmonella typhimurium; Goblet cells; Reactive oxygen 
species

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Using Nox1-knockout mice (Nox1-KO), 
we examined the role of cecum Nox1 in Salmonella 
typhimurium  (S. Tm) infection. Mice were rendered 
susceptible to infection with oral metronidazole. Four 
days after S. Tm inoculation, Nox1-KO mice had equal 
or slightly lower CFU/g cecum contents and equal 
or slightly less pathology by histological assessment 
than wild-type (WT) mice. Quantitative real-time PCR 
measure of mRNA levels for inflammatory cytokines Il-
1β and TNF-α were significantly higher in S. Tm treated 
WT vs  untreated mice but not in S. Tm treated Nox1-
KO mice. Since Nox1 may have a role in inflammatory 
bowel disease, treating subjects with Nox1 inhibitors 
may not make patients vulnerable to pathogens.

Chu FF, Esworthy RS, Doroshow JH, Shen B. NADPH oxidase-1 
deficiency offers little protection in Salmonella typhimurium-
induced typhlitis in mice. World J Gastroenterol 2016; 22(46): 
10158-10165  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i46/10158.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i46.10158

INTRODUCTION
The generation of reactive oxygen species (ROS) 
during infection is an important part of host defense 
to fend off bacterial invasion. A well-known source of 
ROS is produced by NADPH oxidase (NOX)-2 in innate 
immune cells to kill bacteria engulfed in phagosomes[1]. 
Mutations in genes encoding for the NOX2 complex 
lead to chronic granulomatous disease due diminished 
bactericidal activity. Nox2-KO mice are highly sus-
ceptible to Salmonella enteric serovar Typhimurium 
(S. Tm) colonization and mucosal inflammation[2]. S. 
Tm has been widely used as a mouse colitis model to 
study strategies by which enteropathogenic bacteria 
break colonization resistance[3]. Diminished ROS 
generation by the NOX2 complex also is a risk factor 
for early-onset pediatric pancolitis and Crohn’s-like 
disease[4]. 

Two other members of NADPH oxidases, NOX1 and 
DUOX2, expressed in the epithelium of the intestine 
are linked to very-early-onset inflammatory bowel 
disease[5]. Both Nox1 and Duox2 gene are barely 
expressed in the intestine of germ-free mice and 
are highly elevated when colonized with commensal 
bacteria[6,7]. Duox2 and Duoxa2 (DUOX maturation 
factor-2) expression is highly elevated in Helicobacter 
felis-infected mouse gastric epithelium compared to 
uninfected mice[8]. Lack of Duox activity in Duoxa-KO 
mice increased Helicobacter felis colonization[8]. Duox2 
protein is highly elevated in the ileum and colon mono-
associated with segmented filamentous bacterium 
compared that in germ-free mice[7]. However, Duox2 
does not appear to protect mice against S. Tm infection 
since there is no difference in S. Tm colonization 
between wild-type (WT) and Duoxa-KO mice[7].

Nox1-generated ROS can regulate intestinal epi-
thelial cell proliferation, apoptosis, and migration[9-11]. 
Recently, it was shown that deficiency in Cyba/p22Phos 
(an obligatory partner of Nox1, Nox2 and Nox4) in 
intestinal epithelium resulted in protection from Citro-
bacter rodentium and Listeria monocytogenes[1]. The 
epithelium-specific Cyba-KO (CybaΔIEC-KO) mice 
are considered to be equivalent to Nox1ΔIEC-KO 
because Nox2 and Nox4 are virtually unexpressed 
in the intestinal epithelium. Because C. rodentium-
induced Duox2 gene expression only occurs in the 
WT mice but not CybaΔIEC-KO mice, it was proposed 
that Nox1 regulates Duox2 expression in the intestinal 
epithelium[1]. 

We have previously shown that GPx1-KO and 
GPx2-KO mice (deficient in antioxidant glutathione 
peroxide-1 or -2) are more susceptible to S. Tm 
infection than WT mice[12]. Because Nox1-deficiency 
may protect mice against C. rodentium infection, we 
hypothesize that Nox1-produced ROS exacerbates S. 
Tm infection. In this manuscript, we report that Nox1-
knockout (Nox1-KO) mice are equally susceptible 
to S. Tm colonization and infection as WT mice. We 
concluded that Nox1 does not play a role in S. Tm-
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induced colitis.

MATERIALS AND METHODS
Mice
WT and Nox1-KO (generated by Karl-Heinz Krause, 
Geneva University, Switzerland) mice were derived 
from strain C57BL/6 (B6)[11]. Animal were bred and 
reared in the Animal Resources Center at the City of 
Hope based on standards and guidelines set by the 
United States Department of Agriculture, approved 
by the National Institutes of Health (NIH), Office 
for Laboratory Animal Welfare, and accredited by 
the AAALAC. Weaned mice were fed Lab diet 5061 
(LabDiet, St Louis, MO, United States), ad lib, and 
received water via an automated water purification 
system until the beginning of the study at 8 wk of 
age. Care and use of mice in the study conformed to 
NIH (United States) and AAALAC standards and were 
performed under protocol 11043 approved by the 
City of Hope BRI Institutional Animal Care and Use 
Committee on 1/12/12 and renewed 1/15/14. Eight-
week-old male WT and Nox1-KO B6 mice were given 
the antibiotic metronidazole (0.75 g/L in drinking water) 
for 4 d to facilitate oral S. Tm infection[13]. To mask 
the metallic taste of metronidazole, 1 g of sucralose 
(Splenda®) was added to 450 mL water to prevent 
dehydration during the treatment. Metronidazole 
facilitates bacteria colonization by reducing anaerobic 
bacteria populations and by thinning the mucus layer in 
the gut[14]. After 4 d the mice were switched to regular 
water and orally gavaged with S. Tm in a volume of 
50-100 µL phosphate buffered saline. One-inch-long 
22-gauge plastic gavage needles were used to deliver 
the bacteria and to minimize the possibility of injury 
to the mice. As part of the study data collection and 
to ensure that the animals were not in distress prior 
to the endpoint all mice were observed and weighed 
daily from the time of placement on metronidazole to 
euthanasia, i.e., 4 d post-inoculation. The high risk of 
systemic infection in B6 mice precluded a longer study 
duration. Mice treated with metronidazole and then 
water gained about 5% body weight over the interval. 
Mice inoculated with S. Tm lost up to 18% body weight 
regardless of inoculation dose. There was no statistical 
difference in weight lost between the Nox1-KO and 
WT groups. Mice were euthanized by CO2 exposure, 
the recommended method under NIH and AAALAC 
guidelines. 

Salmonella enteric S. Tm
A virulent strain of S. Tm, IR715, was obtained from 
Dr. Andreas J. Baumler (University of California, Davis, 
CA, United States), who derived this strain from isolate 
14028 (American Type Culture Collection)[12]. S. Tm 
was grown aerobically at 37 ℃ in lysogeny broth (LB) 
containing 50 mg/mL nalidixic acid (Sigma) overnight. 
Cells were harvested, resuspended in PBS with 10% 

glycerol, then stored in aliquots at -80 ℃ without 
freeze-thaw. Between 2 × 106 to 6.2 × 108 colony-
forming units (CFUs) of S. Tm were used to inoculate 
mice as shown (Figure 1). The titer was determined on 
LB agar plates containing 50 mg/mL nalidixic acid. 

S. Tm colonization and disease parameters
Cecum luminal contents were collected sterilely, 
weighed, serially diluted, and plated on nalidixic 
acid-containing LB agar to allow detection down to 
approximately 1 × 106 CFU/g. The luminal contents 
have 2-4 log higher number of S. Tm than cecal 
tissue and are widely used as an indicator for bacterial 
colonization[12,15,16]. The inoculated S. Tm was the 
only bacteria capable of producing large-size colonies 
on nalidixic acid-containing LB agar under standard 
aerobic conditions[11]. To verify that the colonies 
were S. Tm, we performed automated-ribosomal-
intergenic-spacer analysis (ARISA) PCR using ITSF 
(5’-GTCGTAACAAGGTAGCCGTA-3’) and ITSReub 
(5’-GCCAAGGCATCCACC-3’) primers on randomly 
selected colonies[17]. ARISA PCR produces a pattern of 
products with aggregate sizes characteristic of bacterial 
groups. We also sequenced ARISA PCR products to 
confirm the S. Tm identity. 

The ileum, colon and cecum were excised for 
histology analysis. The tissues were fixed in phosphate 
buffered formalin. The processed slides were stained 
with H&E for pathology analysis and with Alcian blue 
counterstained with nuclear fast red for goblet cell 
counts. The slides were photographed, and Alcian blue 
stained goblet cells were counted from the sections 
containing full-length glands. Pathology was scored 
according to a 14-point system that accounts for mucin 
depletion, apoptosis, abscesses, and distortion of the 
glands[12]. 

Messenger RNA was prepared from the cecum, 
where S. Tm colonization is most reliably detected. 
Quantitative real-time PCR (qRT-PCR) was performed 
on mouse cecal mRNA. A segment of the cecum 
isolated from mice treated with 2 × 106 CFU of S. Tm 
was treated with RNALater (Ambion), and then RNA 
was isolated using the Triazol Kit (Thermo Scientific). 
Two µg of RNA was used to make cDNA with reagents 
from Promega and random hexamer primers (0.4 µg) 
from Invitrogen. PCR primers and probes (Thermo 
Scientific) used are shown in Table 1. The qRT-PCR 
was performed on a BioRad CFX96 instrument for 
40 cycles. The ΔΔCt method was used to analyze 
differences in mRNA levels among groups, normalized 
with β-actin.

Statistical analysis
GraphPad Prism version 6 was used for statistical 
analysis. All groups were compared in pair-wise t-tests 
except the cecum pathology score, which was analyzed 
by pair-wise Mann-Whitney tests. S. Tm CFU from 
cecal contents was analyzed from log 10 transformed 
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sumably by activating the metalloproteases (Mmp2 
and Mmp9), which are involved in generation of Notch 
ligands[18]. Notch1 signaling promotes differentiation of 
epithelial cells into absorptive cells. Compared to WT 
mouse colon, Coant et al[18] reported that Nox1-KO 
colon had a 2-fold higher number of goblet cells and 
a 50% reduction of colonocytes due to decreases in 
Notch1 signaling. Because goblet cells are specialized 
to produce a mucus layer over the epithelial surface 
that acts as a barrier to intestinal microbes, changing 
the number of goblet cells could affect cell resistance 
to bacterial colonization. Therefore, we compared the 
number of goblet cells in the cecum and colon of Nox1-
KO and WT mice (Figure 2). We found that Nox1-KO 
colon has a 20% increase in goblet cells compared 
to WT colon; however, we observed only a 7.5% 
increase in the Nox1-KO cecum, which is the major 
site of inflammation. This difference may have been 
overlooked in CybaΔIEC-KO mice, which do not have 
Nox1 activity[1].

Nox1 does not significantly affect S. Tm colonization 
and inflammation in mice
We inoculated mice with 4 different doses of S. Tm (2 

data, which renders the data into parametric sets. 
The statistical analysis was reviewed and approved by 
Lianlian Du, MSci, biostatistician, Beijing Rehabilitation 
Hospital of Capital Medical University, Beijing, China.

RESULTS
Nox1-KO cecum and colon has a 7.5% and 20% higher 
number of goblet cells than WT counterparts
Nox1 is highly expressed in the colon, and Nox1-
generated ROS can activate Notch1 signaling pre-

Figure 1  The CFU and pathology in the cecum between Nox1-knockout and wild-type mice with 4 different doses of S. Tm. A: Scatter plot of log10 
transformed S. Tm CFU per gram recovered from cecal contents from WT (Nox1+) and Nox1-KO mice inoculated with 2 × 106, 5.6 × 107, 2 × 108 and 6.2 × 108 of S. 
Tm. The contents were plated so that 1 colony would yield a count ≥ 1 × 106 CFU/g. Zero colonies were assigned to 1 × 106 to include all mice analyzed in the panel. 
“a” indicates a significant difference between the Nox1 and WT groups treated with 2 × 106 S. Tm (colon-P = 0.0068; cecum-P = 0.0098); B: Scatter plot of pathology 
scores of mice from the groups shown in A. The groups with different letter designations in each figure are different, where a > b (α = 0.05). The groups sharing a 
same letter are not different; e.g., ab is not different from a or b group. Horizontal bars indicate mean ± SD; C, D: Show the worst pathology identified in Nox1-KO and 
WT cecum, respectively (score = 6), for mice inoculated with the lowest (2 × 106) CFU. Both groups show edema and infiltration between the muscular layers (M) and 
the glands. The glands are devoid of goblet cells and generally distorted. Scale bars are approximately 0.5 mm. Nox1-KO: Nox1-knockout; WT: Wild-type.
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Table 1  Taqman primer and probe IDs for quantitative real-
time polymerase chain reaction

Gene name (gene symbol) Catalog number1 Amplicon size

β -Actin (Actb) Mm00607939_s1 115
Dual oxidase-2 (Duox2) Mm01326247_m1   65
Il1b Mm00434228_m1   90
Intestinal alkaline 
phosphatase (Alpi)

Mm01285814_g1   60

Tnfα Mm00443258_m1   81
Villin-1 (Vil1) Mm004944146_m1   55

1Catalog number from Thermo Fisher Scientific Inc.
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× 106, 5.6 × 107, 2 × 108, and 6.2 × 108) to compare 
the CFU and pathology in the cecum between Nox1-
KO and WT mice (Figure 1). When inoculated with 
the lowest number of S. Tm (2 × 106), Nox1-KO mice 
had a significantly lower number of S. Tm CFUs in the 
cecum than WT mice (P = 0.034). No differences in 
the cecal S. Tm CFUs were found between Nox1-KO 
and WT mice when inoculated with higher doses of 
S. Tm (Figure 1A). Also, the CFUs of S. Tm in mouse 
cecum remained the same regardless of the inocu-
lation doses, which is consistent with previous work[19].

We analyzed cecum pathology scores to determine 
the effect of Nox1. Scores of 0-6 generally reflect with 
presence of crypt apoptosis, hyperproliferation, and 
mucin depletion without overt signs of inflammation. 
Scores of above 6 are considered inflamed, showing 
immune infiltration, crypt distortion, goblet cell depletion, 
and elevated apoptosis in the epithelium. The worst 
cecal histology from a Nox1-KO and a WT mouse 
inoculated with a low dose of S. Tm (2 × 106) is shown 
in Figure 1C and 1D. Only WT mice inoculated with 
the highest dose (6.2 × 108) of S. Tm had a median 
score above 6, which is significantly higher than four 
groups of WT and Nox1-KO mice inoculated with lower 
doses of bacteria (P ≤ 0.025) (Figure 1B). However, 
there was no difference between the WT and Nox1-
KO groups inoculated with the same high dose. These 
results indicate that Nox1 does not have significant 

impact on S. Tm infection.

Nox1 does not affect mucosal gene expression altered 
by S. Tm infection
Although the pathology scores are low in the mice 
inoculated with 2 × 106 CFU of S. Tm, these mice tend 
to have higher IL-1β and TNF-α mRNA levels compared 
to control mice that received metronidazole only (Figure 
3A and B). However, we observed no difference in IL-
1β and TNF-α mRNA levels between Nox1-KO and 
WT mice treated with metronidazole and S. Tm or 
untreated. 

S. Tm infected intestine has decreased brush-
border enzyme activities and gene expression levels 
including intestinal alkaline phosphatase (Alpi), 
sucrose-isomaltase, and maltose[19]. We found that S. 
Tm infected WT mouse cecum had decreased levels 
of Alpi gene expression (P ≥ 0.044), while the Alpi 
mRNA levels in the S. Tm-infected Nox1-KO mice were 
not significantly lower than the un-treated control mice 
(Figure 3C). Villin mRNA levels were not affected by S. 
Tm (data not shown). Villin is an actin-binding protein 
that regulates actin dynamics and organization of the 
brush border of enterocytes[20]. Loss of Villin mRNA 
is indicative of gross destruction of the gland surface 
architecture, reflected by pathology scores of 8 and 
above as observed in S. Tm treated Gpx1-KO and 
Gpx2-KO mice[12]. The overall trend indicates that the 

Chu FF et al . Nox1 and Salmonella -induced typhlitis

Figure 2  Goblets per colon (A) and cecum gland (B) counted from cross sections stained with Alcian blue and nuclear fast red (C). Each point in panels 
A and B represents a separate gland. Between 3-15 and 7-14 glands (obtained from 8 WT and 9 Nox1-KO mice) were counted from colon and cecum, respectively. 
Scale bar approximately 0.5 mm. "a" indicates a statistically significant difference between the 2 groups.
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Nox1-KO mice tend to respond more mildly to S. Tm 
infection than WT mice, although not in a significant or 
uniform way.

We have previously shown that Duox2 gene ex-
pression was elevated 30-fold in the cecum of S. Tm-
inoculated GPx1-KO mice (mean pathology scores of 
10) compared to infected WT mice[12]. Here, the S. Tm-
infected WT and Nox1-KO mouse cecum had 2- and 
4-fold higher Duox2 gene expression than the non-
infected respective controls (Figure 3D). No difference 
in the Duox2 mRNA levels between the WT and Nox1-
KO cecum were observed. 

DISCUSSION
Nox1 expressed in intestinal epithelium plays an 
important role in cell signaling, regulating many 
cellular events, including differentiation, proliferation, 
apoptosis, and migration[10,11,18]. Recently, Nox1 was 
shown to exacerbate pathogenic bacterial infection, 
including C. rodentium and L. monocytogenes studied 
in CybaΔIEC-KO mice[1]. In the present study, we 
compared S. Tm colonization and S. Tm-induced colitis 
in Nox1-KO and WT mice inoculated at different doses 
and found that Nox1 plays a very minor role in S. 
Tm infectivity. Because we found that Nox1-KO mice 
have a significant increase of goblet cells in the cecum 
and colon and because goblet cells secrete mucus to 

form a barrier to fend off bacterial infection[14,16], the 
protective effect of Nox1-deficiency is likely due to the 
increase in goblet cells rather than a direct effect of 
ROS production. The strong protective effect of Cyba 
deficiency against C. rodentium and L. monocytogenes 
may have contributions from multiple Nox deficiencies, 
because Nox2 is induced in the intestinal epithelium 
by serotonin, a neuroendocrine secreted by entero-
chromaffin cells[21].

We have confirmed that S. Tm infection suppresses 
intestinal alkaline phosphatase (Alpi) expression in 
WT mice and likely in Nox1-KO mice. Mice deficient 
in Alpi suffer from dysbiosis[22]. The antibiotic-induced 
susceptibility to S. Tm or Clostridium difficile can be 
prevented by oral supplement of calf Alpi[15]. It remains 
unclear how S. Tm inhibits Alpi gene expression and 
activity. 

We have reported that intestinal inflammation, as 
observed in mice deficient in GPx1 and GPx2 [GPx1/2-
double knockout (DKO)], have elevated Nox1 gene 
expression in the ileum[11]. Nox1 deletion completely 
abolished GPx1/2-DKO intestinal inflammation. 
Because NOX1 and NOX2 are the major sources of 
ROS in the artery wall for conditions such as hyper-
tension, hypercholesterolemia, and diabetes, NOX 
inhibitors are being developed to treat ROS-associated 
diseases[23]. A clinical relevance of this study is that 
when targeting Nox1, it is unlikely that the anti-Nox1 

Figure 3  Quantitative real-time polymerase chain reaction analysis of cecum mRNA from the 2 × 106 CFU-treated wild-type and Nox1-knockout mice to 
measure inflammation markers IL-β (A), TNF-α (B), a brush border marker for the integrity of the epithelium, Alpi (C); and Duox2 levels (D). Horizontal 
bars are mean ± SD. The groups with different letter designations in each figure are different, where a > b > c (α = 0.05). The groups sharing a same letter are not 
different; e.g., bc is not different from b or ab group. Nox1-KO: Nox1-knockout; WT: Wild-type.
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therapy will increase risks of bacterial infection.
Nox1 is important for symbiotic-lactobacilli-induced 

cell proliferation in the ileum[10]; it also promotes 
restitution of colons damaged by dextran sulfate 
sodium[9,24]. Whether anti-Nox1 therapy has adverse 
effects other than bacterial infection needs to be 
further investigated. 

In conclusion, we demonstrated that Nox1-KO 
mice are not more susceptible to S. Tm colonization 
than WT mice. The clinical relevance of this and other 
studies is that anti-Nox1 therapy should not present 
a major risk for bacterial infection, such as by S. Tm, 
Citrobacter rodentium or Listeria monocytogenes. 
However, because Nox1 also has a positive role in cell 
proliferation and tissue restitution, more studies are 
needed to clarify other potential risks of anti-Nox1 
therapy. 
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Abstract
AIM
To investigate the diagnostic performance of liver 
stiffness measurement (LSM) by elastography point 
quantification (ElastPQ) in animal models and determine 
the longitudinal changes in liver stiffness by ElastPQ 
after splenectomy at different stages of fibrosis.

METHODS
Liver stiffness was measured in sixty-eight rabbits 
with CCl4-induced liver fibrosis at different stages and 
eight healthy control rabbits by ElastPQ. Liver biopsies 
and blood samples were obtained at scheduled time 
points to assess liver function and degree of fibrosis. 
Thirty-one rabbits with complete data that underwent 
splenectomy at different stages of liver fibrosis were 
then included for dynamic monitoring of changes in 
liver stiffness by ElastPQ and liver function according to 
blood tests.

RESULTS
LSM by ElastPQ was significantly correlated with 
histologic fibrosis stage (r  = 0.85, P  < 0.001). The 
optimal cutoff values by ElastPQ were 11.27, 14.89, 
and 18.21 kPa for predicting minimal fibrosis, mode-
rate fibrosis, and cirrhosis, respectively. Longitudinal 
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monitoring of the changes in liver stiffness by ElastPQ 
showed that early splenectomy (especially F1) may 
delay liver fibrosis progression.

CONCLUSION
ElastPQ is an available, convenient, objective and 
non-invasive technique for assessing liver stiffness in 
rabbits with CCl4-induced liver fibrosis. In addition, liver 
stiffness measurements using ElastPQ can dynamically 
monitor the changes in liver stiffness in rabbit models, 
and in patients, after splenectomy.

Key words: Fibrosis stages; Splenectomy; Elastography 
point quantification; Liver stiffness; Non-invasive 
technique

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Elastography point quantification (ElastPQ) 
is a non-invasive technique for assessing tissue 
stiffness, and was used in this study. Splenectomy 
is a surgical intervention for liver cirrhosis patients 
with hypersplenism. The aim of the current study was 
to evaluate the diagnostic accuracy of liver stiffness 
measurement by ElastPQ in animal models and 
determine the longitudinal changes in liver stiffness 
by ElastPQ after splenectomy at different stages of 
fibrosis. We conclude that liver stiffness measurements 
using ElastPQ can be used to dynamically monitor 
the changes in liver stiffness in rabbit models, and in 
patients, after splenectomy.

Wang MJ, Ling WW, Wang H, Meng LW, Cai H, Peng B. Non-
invasive evaluation of liver stiffness after splenectomy in rabbits 
with CCl4-induced liver fibrosis. World J Gastroenterol 2016; 
22(46): 10166-10179  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i46/10166.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i46.10166

INTRODUCTION
Liver fibrosis, which is characterized by encapsulation 
or replacement of injured tissue by a collagenous 
scar[1], represents a common pathological process 
in chronic liver injury of varying etiologies. Cirrhosis, 
which is morphologically described as abnormal liver 
architecture encompassing fibrous bands surrounding 
regenerative nodules, is the end stage of liver fibrosis 
and has clinical complications, including liver failure, 
portal hypertension, and ultimately, hepatocellular 
carcinoma. A growing body of clinical evidence has 
indicated that liver fibrosis can reverse and possibly 
return to normal following the development of effective 
treatments for chronic hepatitis infection (B and C)[2-6], 
autoimmune hepatitis[7], and primary biliary cirrhosis[8].

In addition, improved results on the molecular 
mechanisms associated with the pathogenesis of 

hepatic fibrosis has led to growing acceptance of liver 
fibrosis as a potentially reversible process[9,10]. Hepatic 
stellate cells (HSCs) are a worldwide research focus 
based on their activation and transdifferentiation to 
myofibroblasts, which ultimately results in liver fibrosis 
in response to a variety of injuries; more interestingly, 
previous studies have indicated that macrophages 
can influence the process of liver fibrosis via different 
mechanisms[11,12]. Circulating macrophages arise from 
monocytes in the bone marrow (BM)[13], and Swirski 
et al[14] and other researchers[15,16] have indicated that 
numerous monocytes in the spleen could be mobilized 
in the pathological state such that the spleen can be 
considered a monocyte reservoir. BM cell infusion can 
improve liver function[17] and decrease liver fibrosis[18], 
while splenectomy can result in liver function improve
ments for patients with liver cirrhosis[19-21]. Further
more, a previous study indicated that splenectomy 
attenuated murine liver fibrosis when accompanied by 
hypersplenism[22].

On the other hand, liver biopsy is traditionally 
regarded as the gold standard for staging fibrosis. 
Nevertheless, as an invasive procedure, liver biopsy is 
unwelcome in patients who need repeated examination 
to monitor fibrosis progression. Furthermore, liver 
biopsy is limited by serious complications[23,24], samp
ling errors[25], and both interpathologist and intra
pathologist variability[26]. Shear wave elastography, a 
reliable, rapid and noninvasive technique, has been 
used to evaluate tissue stiffness for many years and 
is increasingly important in the diagnosis of liver 
fibrosis[27-29]. Furthermore, an acoustic radiation force 
impulse (ARFI) technique, elastography point quan
tification (ElastPQ)[30], has been developed to measure 
the tissue[31-34]. However, no data are available on the 
changes in fibrotic liver stiffness after splenectomy at 
different pathological stages using ElastPQ.

We took advantage of a CCl4induced liver fibrosis 
model in rabbits, from which liver biopsies were 
obtained at scheduled time points and ElastPQ was 
easily performed, to evaluate the correlation between 
liver fibrosis histological staging and liver stiffness 
measured by ElastPQ before splenectomy (Experiment 
1). In addition, we determined the longitudinal changes 
in liver stiffness using ElastPQ after splenectomy at 
different pathological stages (Experiment 2).

MATERIALS AND METHODS
Animals
One hundred and eight male New Zealand White 
rabbits weighing 20002500 g on arrival at the 
laboratory were purchased from the Experimental 
Animal Center of West China Medical Center, Sichuan 
University (Chengdu, China). All rabbits were accli
matized for one week to adapt to the new envi
ronment. Daily evaluation of rabbit health status 
was performed for one week to ensure the animals 
were clinically healthy prior to the experiments. The 
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animals were individually housed in cages under a 
set temperature (22 ± 1 ℃) and relative humidity 
(45% ± 10%) with a 12h light/12h dark cycle. Each 
animal was allowed free access to a standard diet for 
rabbits and fresh water. The experimental procedures 
were approved by the Institutional Animal Ethical 
Committee of Sichuan University (Chengdu, China), 
and all animals received humane care according to 
the Guide for the Care and Use of Laboratory Animals 
published by the United States National Institutes of 
Health (NIH Publication No. 8523, revised 1996).

CCl4-induced liver fibrosis
Liver fibrosis was induced by intraperitoneal injection 
of CCl4, as described previously[35]. Unfortunately, in 
a pilot experiment (10 rabbits), using the regimen 
reported by Zhang et al[35], a mortality rate of 60% 
(6 of 10 rabbits) was observed. The pilot study was 
stopped, and a modified method for induction of liver 
fibrosis was explored and eventually adopted. The 
injection started with 50% CCl4, which was diluted in 
olive oil, in doses of 0.10 mL/kg body weight twice 
per week for the first two weeks, which allowed the 
rabbits to gradually adapt to the toxic agent. Then, 
50% CCl4 was given intraperitoneally in doses of 0.20 
mL/kg body weight twice a week for another 18 wk 
in Experiment 1, and the liver injury induced by 50% 
CCl4 lasted for ten weeks from the first operation in 
Experiment 2. This method was sufficient to produce 
all stages of liver fibrosis. Humane endpoints were 
established in the modeling process according to the 
guidelines for assessing discomfort in experiment 
animals[36]. No animals died in Experiment 1.

Ultrasound-based examinations
On the same day, just before surgery and blood 
collection, eight rabbits were chosen at random for 
preoperative examinations after at least four hours 
of fasting. The rabbits were anesthetized with a 40 
mg/kg dose of pentobarbital via ear border vein 
injection and were then placed in the supine position 
with whole abdominal skin preparation. Liver stiffness 
measurements were then performed in or close to 
the subxiphoid region by two experienced examiners 
via ElastPQ with a 4cm depth and a 0.5 cm × 1.5 
cm region of interest on vesselfree areas at the end
inspiration phase with an iU22 ultrasound system 
(Royal Philips Electronics, the Netherlands) equipped 
with an ElastPQ feature and two transducers, C51 
(15 MHz) (used in this study) and L93 (39 MHz) 
(not used in this study). Both examiners were blinded 
to the clinical, serological, and histological data. The 
results are expressed in kilopascals. ElastPQ results 
were obtained with 10 valid measurements from 
each operator; a success rate of at least 60% and an 
interquartile range of all successful measurements 
less than 30% of the median values were considered 
reliable. The successful measurements obtained by 
each operator were used for interexaminer agreement 

analysis, while the median measurement obtained 
by both operators for each rabbit were used for other 
analyses in the current study.

Serum parameters 
After ultrasoundbased examinations, peripheral 
blood was collected via the ear border vein. Levels of 
the following parameters were determined: (1) class 
Ⅰ biomarkers of liver fibrogenesis, including type 
Ⅳ collagen, and hyaluronic acid[37], were quantified 
using a standardized and optimized commercial 
radioimmunoassay kit (Haiyan Biotechnology Center, 
Shanghai, China) and (2) conventional liver function 
tests, including total bilirubin (TB), albumin, alanine 
aminotransferase (ALT), and aspartate amino
transferase (AST) levels (Leadman Biochemistry Co., 
Ltd, Beijing, China).

Surgical procedure
In Experiment 1, after 4wk of modeling, the eight 
rabbits were randomly divided into two equal groups 
following preoperative examinations (ultrasound
based examinations and the blood test mentioned 
above). After disinfection, the operation began with 
a midline abdominal incision. In one group (Group 
S, splenectomy group), total splenectomy was per
formed by ligature of the splenic vascular pedicle with 
40 chromic catgut; then, a 1cm × 1cm piece of 
hepatic tissue from the subxiphoid region of the liver 
was cut for biopsy. In another group (Group L, liver 
biopsy group or sham group), the same process was 
performed with the exception of total splenectomy. 
The abdominal cavity was closed after confirming 
that there was no active hemorrhage in all rabbits. To 
obtain different stages of liver fibrosis at different time 
intervals, the same surgical process was repeated for 
the remaining rabbits every two weeks until the 20th

 

wk. Due to humane endpoints and failed liver stiffness 
measurements, only seven rabbits underwent surgery 
at the 8th, 14th, 18th, and 20th

 wk (Table 1). In this case, 
four rabbits randomly underwent splenectomy plus 
liver biopsy, while the remaining three underwent liver 
biopsy alone.

In Experiment 2, after the first operation in each 
rabbit, a 1 cm × 1 cm piece of hepatic tissue was cut 
to dynamically monitor the changes in histological 
features according to the aforementioned ultrasound
based examinations and blood tests every two weeks 
for 10 wk. To avoid adhesions, chitosan (0.5 mL/
surgery) was used. However, due to the increase in 
operation times, it was difficult to acquire liver tissue 
along the original midline incision. In this case, a left or 
right subcostal incision was needed. In Experiments 1 
and 2, all animals were given penicillin intramuscularly 
at a dose of 40 U/rabbit to prevent infection during 
surgery, which was repeated once daily for a further 
two days. To reduce bias, only the hepatic tissue 
obtained in or very close to the subxiphoid region 
was included for analysis. In addition, due to humane 
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evaluate the agreement between the two examiners 
who performed the liver stiffness measurement via 
ElastPQ.

The median LSM obtained by both operators for 
each ElastPQ was calculated and used for further 
analyses. Because the LSM values were not nor
mally distributed, the KruskalWallis nonparametric 
analysis of variance test was used to compare these 
values with the categories of the consensus fibrosis 
stage. Correlations between the LSM and histologic 
fibrosis stage were further analyzed using Spearman 
correlation coefficients. The diagnostic performance 
of ElastPQ and serum fibrosis markers, including 
type Ⅳ collagen and hyaluronic acid, was assessed 
using receiver operating characteristic curves (ROC). 
The optimal cutoff values for predicting different 
fibrosis stages were chosen to maximize the sum of 
the sensitivity and specificity, and the corresponding 
positive predictive values (PPVs) and negative predictive 
values (NPVs) were computed. The AUC (area under 
ROC) values for the different diagnostic criteria for the 
same data were compared using the nonparametric 
DeLong test. 

Quantitative data were presented as the mean 
± SD or median (quartile), while categorical data 
were expressed as the number of cases with/without 
percentage. Statistical analyses also included the 
nonparametric MannWhitney U and Student’s t tests.

All statistical analyses were performed using SPSS 
19.0 (SPSS, Chicago, IL, United States) for Windows 

endpoints and failed liver stiffness measurement (LSM) 
and death during the surgical procedure, only thirty
one rabbits with complete experimental data were 
available for analysis after the 10wk surveillance 
period (Table 1). 

Liver histological assessment
Liver biopsy samples taken at the time of the operation 
were fixed in formalin and embedded in paraffin. 
Sections (4 μm) were stained with hematoxylin and 
eosin and Masson trichrome. A biopsy sample with a 
minimum of 5 portal tracts was required for diagnosis. 
Two doctors with significant experience, who were 
blinded to all animal characteristics, were responsible 
for evaluating liver fibrosis, which was staged on a 
scale of 04 according to METAVIR[38] (F0, no fibrosis; 
F1, portal fibrosis without septa; F2, portal fibrosis and 
a few septa; F3, numerous septa without cirrhosis; and 
F4, cirrhosis). The fibrosis stage was independently 
assessed on each histological section by both doctors. 
In the case of discrepancies, histological sections were 
simultaneously reviewed again by the two doctors to 
reach a final consensus. Typical liver fibrosis stages 
(F1F4) are illustrated in Figure 1.

Statistical analysis
The quadraticweighted k coefficient of Cohen was 
used to assess the consistency of the two doctors who 
were in charge of the pathological examinations, while 
the ICC (interclass correlation coefficient) was used to 

Table 1  Detailed information on the experimental process

Modeling 
time

Distribution 
of operation

Humane Rabbits POW 2 POW 4 POW 6 POW 8 POW 10 Humane Exclusion Death Rabbits 

Termination1  left2 Termination3  left4

0W /   0 90 / / / / / / / / /
2W /   0 90 / / / / / / / /
4W AAAA   0 82 AAAA AAAA AAA5 AA AA   1 1 1   5

BBBB BBB BBB BBB BBB BBB
6W AAAA   0 74 AAA AAA AAA AA AA   2 0 2   4

BBBB BBBB BBB BBB BB BB
8W AAAA   2 64 AAA AA AA AA AA   2 0 1   4

BBBB5 BBB BBB BB BB BB
10W AAAA   3 53 AAA AAA AA AA AA   2 1 1   4

BBBB BBBB BBB BBB5 BB BB
12W AAAA   3 42 AAA AAA AA AA AA   3 0 1   4

BBBB BBB BB BB BB BB
14W AAAA   2 32 AAA AA AA AA A   5 0 0   2

BBBB5 BBB BBB BB B B
16W AAAA   4 20 AAAA AAA AAA AA AA   4 0 1   3

BBBB BBB BB BB BB B
18W AAAA   3   9 AAA AAA AAA AA AA   4 0 0   3

BBBB5 BBB BB BB B B
20W AAAA   2   0 AA AA AA AA A   4 1 0   2

BBB BBB BBB BB BB5 B
Total 68 19 / / / / / / 27 3 7 31

1Number of rabbits with humane termination during Experiment 1; 2Number of rabbits left excluding rabbits with humane termination and failed liver 
stiffness measurement via ElastPQ during Experiment 1; 3Number of rabbits with humane termination during Experiment 2; 4Number of rabbits left 
excluding rabbits with humane termination, failed liver stiffness measurement via ElastPQ, and death during Experiment 2; A5 and B5 indicate rabbits with 
failed LSM via ElastPQ. POW: Postoperative weeks; LSM: Liver stiffness measurement; ElastPQ: Elastography point quantification; A: Rabbits receiving 
splenectomy and liver biopsy; B: Rabbits receiving only liver biopsy.
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and significance was set at a P value < 0.05.

RESULTS
Experimental details
The experimental details are presented in Table 1. 

In addition to eight controls, ninety rabbits were 
planned for inclusion. As mentioned in the Materials 
and methods section due to humane termination (n 
= 19) and failed LSM (n = 3) during Experiment 1, 
information on sixtyeight rabbits was available for 
analysis. Similarly, 10 wk after splenectomy or sham 

50
0 
μm

50
0 
μm

100 μm 100 μm

A B

C D

E F

G H

Figure 1  Masson trichrome staining for assessment of liver fibrosis stages according to METAVIR (A: F1, B: F2, C: F3, and D: F4; 100 ×) and the 
corresponding ElastPQ images (E: F1; F: F2; G: F3; and H: F4).
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operation, complete data for only thirtyone rabbits 
were available for comparable analyses.

Agreement between observers
The two doctors responsible for pathological diagnosis 
were initially in agreement for 197 (85.3%) of the 231 
liver samples (231 = 76 + 5 × 31) (k coefficient = 
0.792, P < 0.01), and 100% agreement was reached 
after final reviews. The ElastPQ results identified by 
the two examiners were strongly correlated with an 
ICC value of 0.888, and are illustrated in Figure 2. 

Basic characteristics of the included rabbits
After 20 wk of medication, all fibrosis stages confirmed 
by pathological examinations were observed. As shown 
in Table 2, F1 was diagnosed in 11 cases (14.5%), 
F2 in 16 (21.1%), F3 in 16 (21.1%), and F4 in 25 
(32.9%), and eight healthy rabbits (F0, n = 8, 10.4%) 
were included as controls. Table 3 includes the basic 

information on rabbits with different stages of fibrosis. 
Except for body weight and TB, AST, ALT, and albumin 
levels, a trend for a stepwise increase in liver fibrosis 
progression was found in the parameters, including 
type Ⅳ collagen (F0: 200.8 ± 131.5 μg/L, F1: 427.1 
± 226.2 μg/L, F2: 683.4 ± 332.5 μg/L, F3: 1161.4 ± 
482.5 μg/L, and F4: 1292.0 ± 689.7 μg/L), hyaluronic 
acid (F0: 225.6 ± 117.1 μg/L, F1: 475.7 ± 296.4 
μg/L, F2: 676.2 ± 274.8 μg/L, F3: 724.0 ± 264.5 
μg/L, and F4: 1182.3 ± 1091.3 μg/L), and LSM [F0: 
7.88 kPa (6.608.46 kPa), F1: 8.46 kPa (6.2210.35 
kPa), F2: 10.89 kPa (8.0914.46 kPa), F3: 18.62 kPa 
(16.0321.16 kPa), and F4: 25.10 kPa (20.2830.95 
kPa)].

Relationship between histological findings and LSM by 
ElastPQ
The median liver stiffness measured with ElastPQ in 
the eight controls was 7.88 kPa (6.608.46 kPa). The 
liver stiffness measured in the rabbits with fibrosis 
ranged from 5.86 kPa to 39.12 kPa. Based on the 
different fibrosis stages, the median liver stiffness 
values in the animals with F1 to F4 were 8.46 kPa 
(6.2210.35 kPa), 10.89 kPa (8.0914.46 kPa), 18.62 
kPa (16.0321.16 kPa), and 25.10 kPa (20.2830.95 
kPa), respectively, indicating a gradual increase in 
fibrosis progression, which is shown in Figure 3, with a 
Spearman correlation coefficient of 0.85 (P < 0.001). 
Given that the distributions of ElastPQ results for F0 
and F1 were comparable and only eight F0 rabbits 
were included, F0 and F1 rabbits were combined 
as a single group for further analyses. Significant 
differences in the LSM by ElastPQ between each 
fibrosis stage were observed (F01 vs F2, P < 0.01; F2 
vs F3, P < 0.01; and F3 vs F4, P < 0.01).

Relationship between the LSM by ElastPQ and fibrosis 
blood tests
ROC curves of ElastPQ, hyaluronic acid, and type 
Ⅳ collagen for predicting minimal fibrosis (F0F1 
vs F2F4), moderate fibrosis (F0F2 vs F3F4), and 
cirrhosis (F0F3 vs F4) are shown in Figure 4AC. The 

Table 2  Distribution of liver fibrosis stages at different time 
intervals in Experiment 1

F0 F1 F2 F3 F4

0 wk 98 / / / /
2 wk / / / /
4 wk   5   3   0   0
6 wk   3   4   1   0
8 wk   2   4   1   0
10 wk   1   2   3   2
12 wk   0   2   1   5
14 wk   0   1   2   4
16 wk   0   0   4   4
18 wk   0   0   3   4
20 wk   0   0   1   6
Total   8 11 16 16 25
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Figure 2  Graph shows correlation of elastography point quantification 
results between two examiners (ICC value of 0.888, r2 = 0.788, P < 0.05).
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Figure 3  Boxplot shows the elastography point quantification results 
for each fibrosis stage. The top and bottom of the boxes are the first and 
third quartiles, respectively. Accordingly, the length of the box plot represents 
the interquartile range within which 50% of the values were located. The 
lines through the middle of the boxes indicate the median values. ElastPQ: 
Elastography point quantification.
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AUROC (area under ROC) of ElastPQ for predicting 
minimal fibrosis (0.931, 95%CI: 0.8490.977) was 
comparable to those of hyaluronic acid (0.807, 
95%CI: 0.7000.889) and type Ⅳ collagen (0.919, 
95%CI: 0.8330.969), while the ElastPQ for 
predicting moderate fibrosis and cirrhosis (0.969, 
95%CI: 0.9010.995; 0.925, 95%CI: 0.8410.973) 
was significantly superior to hyaluronic acid (0.677, 
95%CI: 0.5600.780; 0.670, 95%CI: 0.5530.774) 
and type Ⅳ collagen (0.861, 95%CI: 0.7620.930; 

0.695, 95%CI: 0.5780.795), which is summarized in 
Table 4. The ElastPQ critical values for differentiating 
fibrosis stages were subsequently confirmed by the 
ROC, and the corresponding specificities, sensitivities, 
PPVs, and NPVs are listed in Table 5.

Longitudinal change in the LSM by ElastPQ and liver 
function following splenectomy
The longitudinal ElastPQ and laboratory data for rabbits 
with different stages of fibrosis after splenectomy and 

Table 3  Basic characteristics of rabbits with different liver fibrosis stages in Experiment 1

Parameters F0 (n  = 8) F1 (n  = 11) F2 (n  = 16) F3 (n  = 16) F4 (n  = 25)

Body weight (kg)   2.34 ± 0.24   2.28 ± 0.27   2.39 ± 0.14   2.30 ± 0.38   2.24 ± 0.33
Type Ⅳ collagen (μg/L)   200.8 ± 131.5   427.1 ± 226.2   683.4 ± 332.5 1161.4 ± 482.5 1292.0 ± 689.7
Hyaluronic acid (μg/L)   225.6 ± 117.1   475.7 ± 296.4   676.2 ± 274.8   724.0 ± 264.5   1182.3 ± 1091.3
TB (μmol/L)   0.98 ± 0.53   1.91 ± 0.63   2.20 ± 0.85   1.81 ± 0.82   1.64 ± 0.91
AST (IU/L)   26.8 ± 14.7   345.0 ± 295.9   449.2 ± 304.7   666.4 ± 428.3   616.1 ± 609.2
ALT (IU/L) 14.0 ± 3.7   254.7 ± 194.0   301.5 ± 210.7   456.3 ± 316.0   486.5 ± 295.8
Albumin (g/L) 42.7 ± 4.9 40.4 ± 4.6 36.5 ± 4.3 32.3 ± 6.4 35.3 ± 5.9
LSM (kPa) 7.88 (6.60-8.46) 8.46 (6.22-10.35) 10.89 (8.09-14.46) 18.62 (16.03-21.16) 25.10 (20.28-30.95)

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; LSM: Liver stiffness measurement; TB: Total bilirubin.
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Figure 4  Receiver operating characteristic curves of elastography point quantification and serum fibrosis markers for diagnosis of (A) minimal fibrosis 
(F0-F1 vs F2-F4), (B) moderate fibrosis (F0-F2 vs F3-F4), and (C) cirrhosis (F0-F3 vs F4). ElastPQ: Elastography point quantification.
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sham operation in Experiment 2 are shown in Tables 
6 and 7. For the nine rabbits with F1 liver fibrosis (five 
in the splenectomy group vs four in the sham group), 
the increase in ElastPQ values was delayed in the 
splenectomy group compared with that in the sham 
group during the following the operations (Figure 5A), 
while the changes in other laboratory parameters, 

including AST, ALT, albumin, and TB levels, indicated 
otherwise (Figure 6, Table 7). For the rabbits with 
F2, F3, and F4 liver fibrosis, no favorable change in 
parameters, including the ElastPQ, AST, ALT, albumin, 
and TB levels, was detected in the splenectomy group 
compared with the sham group over the 10wk period 
after the operations (Figure 5BD, Figure 6 and Table 7).

Table 4  Comparison between elastography point quantification and fibrosis blood tests

AUROC F0-F1 vs  F2-F4 F0-F2 vs  F3-F4 F0-F3 vs  F4

ElastPQ 0.931 (0.849-0.977) 0.969 (0.901-0.995) 0.925 (0.841-0.973)
Hyaluronic acid 0.807 (0.700-0.889)  0.677 (0.560-0.780)a  0.670 (0.553-0.774)a

Type Ⅳ collagen 0.919 (0.833-0.969)  0.861 (0.762-0.930)a  0.695 (0.578-0.795)a

Comparison of AUROC between ElastPQ and hyaluronic acid or type Ⅳ collagen, aP < 0.05. ElastPQ: Elastography point quantification.

Table 5  Cutoff and performance values of elastography point quantification for diagnosis of liver fibrosis stages

Parameter F0-F1 vs  F2-F4 F0-F2 vs  F3-F4 F0-F3 vs  F4

AUROC   0.931 (0.849-0.977)   0.969 (0.901-0.995)   0.925 (0.841-0.973)
Optimal cutoff value 11.27 14.89 18.21
Sensitivity (%) 82.5 (70.1-91.3) 87.8 (73.8-95.9) 88.0 (68.8-97.5)
Specificity (%) 94.7 (74.0-99.9) 94.3 (80.8-99.3) 84.3 (71.4-93.0)
PPV (%) 97.9 (88.9-99.9) 94.7 (82.3-99.4) 73.3 (54.1-87.7)
NPV (%) 64.3 (44.1-81.4) 86.8 (71.9-95.6) 93.5 (82.1-98.6)

PPV: Positive predictive values; NPV: Negative predictive value.
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Figure 5  Dynamic changes in liver stiffness measurement by elastography point quantification after surgery in rabbits with F1 (A), F2 (B), F3 (C), and F4 (D) 
liver fibrosis (sham group vs splenectomy group). LSM: Liver stiffness measurement; ElastPQ: Elastography point quantification.
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DISCUSSION
In the current study, after four to twenty weeks of 
fibrosis induction, the LSM increased from 7.88 kPa 
to 5.8639.12 kPa in all rabbits with different proven 
fibrosis stages. Two specific serum markers of liver 
fibrogenesis (type Ⅳ collagen and hyaluronic acid) 
were selected to reflect the progression of CCl4induced 
liver fibrosis, and both markers showed a stepwise 

correlation with liver fibrosis stages compared to the 
LSM via ElastPQ, reinforcing that ElastPQ can reflect 
the severity of liver fibrosis. However, a comparison of 
the baseline values of liver stiffness in different studies 
cannot be performed mainly due to variations in the 
modeling methods and species.

Although there was a significant increase in the LSM 
via ElastPQ with increased fibrosis stage, there was 
a degree of overlap between consecutive stages. In 

Table 7  Longitudinal changes in liver function between splenectomy and sham groups

POW 0 POW 2 POW 4 POW 6 POW 8 POW 10

AST (IU/L)
   F1 Group S (n = 5) 138.0 ± 87.3   236.7 ± 110.6     484.3 ± 244.2   307.3 ± 138.9   454.0 ± 291.3   574.3 ± 350.6

Group L (n = 4)   447.0 ± 292.7 245.5 ± 98.3     589.5 ± 140.7   455.0 ± 309.7 517.5 ± 55.9   470.0 ± 155.6
   F2 Group S (n = 4)   353.6 ± 208.4   473.4 ± 212.1     426.0 ± 186.4   448.6 ± 286.4   658.2 ± 221.9   575.6 ± 104.4

Group L (n = 4)   392.0 ± 290.5   493.5 ± 269.0     407.5 ± 100.4   506.3 ± 156.8 494.5 ± 88.8   550.0 ± 125.6
   F3 Group S (n = 4)   578.3 ± 219.5   681.3 ± 208.9     534.0 ± 292.2   622.7 ± 286.2   584.7 ± 144.5   713.3 ± 122.8

Group L (n = 4)   598.8 ± 219.5   569.8 ± 208.9     651.5 ± 292.2   513.0 ± 286.2   435.5 ± 144.5   831.8 ± 122.8
   F4 Group S (n = 3)   562.2 ± 356.6   604.2 ± 314.3     578.4 ± 247.7   623.8 ± 101.1   672.6 ± 122.6   525.6 ± 153.2

Group L (n = 3)   412.6 ± 190.9   508.7 ± 253.8     604.0 ± 121.8   616.7 ± 203.1   571.0 ± 145.7 480.3 ± 91.4
ALT (IU/L)
   F1 Group S (n = 5)   88.7 ± 39.2   270.3 ± 144.9     460.7 ± 227.5   379.0 ± 179.2   526.7 ± 185.8   440.7 ± 220.4

Group L (n = 4) 195.0 ± 39.6 322.0 ± 76.4 430.5 ± 2.1   445.0 ± 108.9 560.5 ± 87.0   372.0 ± 198.0
   F2 Group S (n = 4)   224.6 ± 187.8 240.8 ± 96.7     355.8 ± 165.8   342.6 ± 165.1 436.8 ± 74.9 458.0 ± 92.4

Group L (n = 4) 291.8 ± 65.9 364.3 ± 86.5   310.3 ± 35.8   414.5 ± 136.8   473.3 ± 140.5   498.3 ± 174.0
   F3 Group S (n = 4)   315.7 ± 232.7   434.0 ± 171.8     528.3 ± 137.7 588.0 ± 61.6   461.3 ± 208.2 497.3 ± 73.6

Group L (n = 4)   477.8 ± 151.7 484.0 ± 34.4     459.3 ± 132.5   601.0 ± 274.9   488.8 ± 210.2   507.0 ± 133.2
   F4 Group S (n = 3)   416.8 ± 286.2 490.6 ± 43.3   626.2 ± 93.0 478.0 ± 83.3   550.6 ± 252.5 519.2 ± 44.9

Group L (n = 3)   529.0 ± 167.0   475.8 ± 106.7     600.4 ± 116.3   512.6 ± 207.8   576.8 ± 233.1   695.4 ± 150.6
Albumin (g/L)
   F1 Group S (n = 5) 41.6 ± 2.4 40.5 ± 1.8   39.4 ± 2.3 40.5 ± 3.4 40.0 ± 2.0 39.8 ± 1.7

Group L (n = 4) 41.3 ± 4.9 40.2 ± 3.0   40.3 ± 1.8 39.3 ± 0.6 39.3 ± 2.0 40.7 ± 1.3
   F2 Group S (n = 4) 39.0 ± 1.9 38.3 ± 1.9   38.3 ± 1.5 38.9 ± 2.0 38.9 ± 1.6 38.9 ± 0.8

Group L (n = 4) 39.6 ± 1.6 39.6 ± 1.7   38.0 ± 1.5 39.5 ± 0.8 39.0 ± 1.4 38.9 ± 1.9
   F3 Group S (n = 4) 30.7 ± 4.3 30.3 ± 3.9   29.8 ± 3.3 31.0 ± 3.0 30.2 ± 3.8 30.5 ± 4.1

Group L (n = 4) 31.1 ± 5.7 30.8 ± 5.1   31.8 ± 4.6 30.6 ± 5.2 30.9 ± 4.9 30.3 ± 4.2
   F4 Group S (n = 3) 35.8 ± 5.6 36.0 ± 4.7   34.5 ± 4.1 34.2 ± 4.8 35.1 ± 5.1 35.5 ± 3.6

Group L (n = 3) 35.3 ± 6.6 34.9 ± 5.8   35.4 ± 6.1 34.8 ± 3.4 34.8 ± 4.9 35.0 ± 5.6
TB (μmol/L)
   F1 Group S (n = 5)   1.08 ± 0.10   1.30 ± 0.16     1.60 ± 0.16   1.58 ± 0.18   1.71 ± 0.23   1.70 ± 0.22

Group L (n = 4)   1.34 ± 0.16   1.38 ± 0.08     1.39 ± 0.08   1.65 ± 0.20   1.51 ± 0.19   1.58 ± 0.25
   F2 Group S (n = 4)   2.01 ± 0.72   2.35 ± 0.58     2.45 ± 0.61   2.65 ± 0.47   2.76 ± 0.51   2.81 ± 0.54

Group L (n = 4)   2.08 ± 0.23   2.45 ± 0.51     2.62 ± 0.45   2.67 ± 0.23   2.99 ± 0.15   2.68 ± 0.40
   F3 Group S (n = 4)   2.36 ± 0.64   2.52 ± 0.64     2.62 ± 0.51   2.66 ± 0.29   2.97 ± 0.19   3.09 ± 0.10

Group L (n = 4)   2.59 ± 0.76   2.87 ± 0.42     2.88 ± 0.48   2.94 ± 0.33   3.13 ± 0.20   3.09 ± 0.12
   F4 Group S (n = 3)   2.30 ± 0.56   2.58 ± 0.54     2.73 ± 0.22   2.88 ± 0.18   3.05 ± 0.26   3.03 ± 0.38

Group L (n = 3)   2.35 ± 0.84   2.49 ± 0.52     2.82 ± 0.67   2.96 ± 0.13   3.11 ± 0.48   3.08 ± 0.51

POW: Postoperative weeks; Group S: Rabbits received splenectomy plus liver biopsy; Group L: Rabbits received liver biopsy only.

Table 6  Longitudinal changes in liver stiffness measurement (kPa) via  elastography point quantification between splenectomy and 
sham groups

POW 0 POW 2 POW 4 POW 6 POW 8 POW 10

F1 Group S (n = 5) 8.46 (6.63-8.50) 8.74 (6.97-8.91) 11.34 (9.13-12.89) 14.32 (11.45-15.45) 18.89 (16.43-19.23) 19.24 (17.78-21.09)
Group L (n = 4)   8.59 (7.12-10.13)   12.79 (11.01-14.62)   14.35 (12.24-16.70) 16.30 (13.25-20.07) 21.01 (16.11-25.45) 23.34 (20.66-26.15)

F2 Group S (n = 4) 10.81 (8.34-13.48)   14.45 (12.53-15.70)   18.28 (16.72-18.56) 20.73 (18.09-22.26) 25.50 (23.10-25.89) 30.79 (27.29-33.31)
Group L (n = 4) 10.50 (9.31-11.96)   15.39 (13.55-16.92)   17.90 (16.01-19.27) 20.25 (18.92-21.51) 23.89 (23.15-25.24) 30.60 (28.54-32.29)

F3 Group S (n = 4)   19.19 (17.77-21.25)   22.90 (20.70-25.17)   26.99 (25.13-28.88) 29.98 (26.14-33.23) 32.38 (29.06-35.89) 35.79 (33.79-37.31)
Group L (n = 4)   22.08 (18.24-25.35)   25.17 (21.79-27.59)   27.21 (24.38-30.23) 29.72 (28.27-30.70) 31.89 (29.91-33.98) 32.22 (30.70-34.71)

F4 Group S (n = 3)   27.56 (23.40-28.34)   31.23 (26.84-32.22)   30.12 (27.89-32.12) 36.12 (32.39-36.34) 35.10 (34.12-36.27) 36.12 (34.06-37.28)
Group L (n = 3)   23.98 (20.21-28.66)   29.12 (23.68-31.19)   32.00 (28.17-33.00) 29.00 (28.56-32.56) 33.43 (33.32-35.32) 35.30 (35.25-37.21)

POW: Postoperative weeks; Group S: Rabbits received splenectomy plus liver biopsy; Group L: Rabbits received liver biopsy only.
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Figure 6  Longitudinal changes in liver function following splenectomy vs sham operation at different liver fibrosis stages. A: Changes in AST for rabbits with 
F1-F4 liver fibrosis; B: Changes in ALT for rabbits with F1-F4 liver fibrosis; C: Changes in total bilirubin for rabbits with F1-F4 liver fibrosis; and D: Changes in albumin 
for rabbits with F1-F4 liver fibrosis. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.
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this study, for F0F2 liver fibrosis categories, the LSM 
was 7.88 (6.608.46), 8.46 (6.2210.35), and 10.89 
(8.0914.46), respectively, which may have been due 
to an insufficient number of animals with F0F2. A 
similar concern was reported in a previous study on 
the ARFI for assessing liver fibrosis[39]. The ElastPQ 
cutoff values for minimal fibrosis (F0F1 vs F2F4), 
moderate fibrosis (F0F2 vs F3F4), and cirrhosis (F0F3 
vs F4) were defined. As shown in Table 5, the ElastPQ 
cutoff values for predicting different stages of fibrosis 
can be clearly distinguished, which may be due to the 
relatively uniform distribution of rabbits with different 
stages.

The areas under the ROC curves were compared 
for ElastPQ, hyaluronic acid and type Ⅳ collagen. The 
ElastPQ prediction of minimal fibrosis was comparable 
to that for hyaluronic acid and type Ⅳ collagen, 
while the ElastPQ prediction of moderate fibrosis and 
cirrhosis was significantly superior to hyaluronic acid. 
This outcome demonstrates that this noninvasive 
technique could have clinical utility.

With continuing basic research, the concept of 
liver fibrosis has changed from static and progressive 
to dynamic and bidirectional, especially when the 
causes of liver damage have been removed. In 
addition, because there is a significant correlation 
between the ElastPQ values and liver fibrosis stages, 
it is theoretically possible to use ElastPQ to non
invasively assess the effect of antifibrosis treatments. 
Indeed, previous studies have reported on the clinical 
application of TE for dynamically monitoring fibrosis 
regression during antiviral treatment in chronic 
hepatitis B and C patients, indicating that the TE values 
seem to decrease during antiviral therapy[40,41].

Although splenectomy is performed for patients 
with hypersplenism in some institutions[21,42], hyper
splenism in most patients should be considered a 
laboratory abnormality that does not require treatment 
or further consideration[43]. However, a previous well
designed study indicated that splenectomy attenuated 
murine liver fibrosis[22]. Therefore, splenectomy remains 
controversial for patients with hypersplenism. In the 
present study, splenectomy was only used to group 
rabbits and then determine whether splenectomy at 
different liver fibrosis stages will delay or reverse the 
progression of liver fibrosis. A previous study indicated 
that the spleen plays an important regulatory role in 
rat liver cirrhosis induced by a cholinedeficient Lamino 
aciddefined diet[44]. In this study, a trend suggesting 
that splenectomy can delay the progression of early 
liver fibrosis (especially F1) was detected. A previous 
study using a rat liver fibrosis model indicated that 
spleenderived TGFβ1 is involved in the development 
of liver fibrosis such that decreasing the TGFβ1 level 
by splenectomy could inhibit hepatic stellate cell 
activation and then improve liver fibrosis[45]. However, 
in the present study, splenectomy did not seem to 
improve late liver fibrosis (especially types F3 and F4); 
therefore, there may be another potential mechanism 

for improving early liver fibrosis following splenectomy.
Although activated HSCs have a great impact on 

liver fibrogenesis, recent studies have suggested that 
monocytes and their progeny macrophages are also 
responsible for liver fibrosis[46,47]. Based on a study 
of monocytes derived from BM[13] as well as studies 
by Swirski et al[14] and other researchers[15,16], there 
are numerous monocytes in the spleen that could be 
mobilized in pathological states. As a result, the spleen 
can be considered a monocyte reservoir. An interesting 
previous study demonstrated that the spleen is a site 
for storing and rapidly deploying monocytes involved 
in inflammation regulation[14]. Therefore, performing 
splenectomy in the early stages of liver fibrosis would 
block the rapid deployment of monocytes to the liver, 
which may alleviate the inflammatory reaction and 
delay liver fibrosis. In contrast, performing splenectomy 
in the late stage would not help to postpone liver 
fibrosis, which may be explained by the hypothesis 
that during the late stage, monocytes from BM play a 
predominant role in liver fibrosis. However, it should be 
further determined whether the diversity of monocyte 
origin influences the different stages of liver fibrosis.

In summary, ElastPQ is an available, convenient, 
objective and noninvasive technique for assessing 
liver stiffness in rabbits with CCl4induced liver fibrosis, 
and paves the way for its clinical application. Addi
tionally, liver stiffness measurements with ElastPQ can 
dynamically monitor the changes in liver stiffness in 
rabbit models, or patients, after splenectomy. However, 
the underlying mechanism by which early splenectomy 
can decelerate liver fibrosis should be further studied. 

COMMENTS
Background
Elastography point quantification (ElastPQ) is a non-invasive technique 
for assessing tissue stiffness and was used in this study. Splenectomy is a 
surgical intervention for liver cirrhosis patients with hypersplenism. However, 
no evidence of changes in fibrotic liver stiffness after splenectomy at different 
pathological stages using ElastPQ has previously been available.

Research frontiers
Liver biopsy is the reference standard for staging fibrosis. Nevertheless, 
because of its invasive nature, liver biopsy is difficult to perform in patients who 
require repeated examination to monitor liver fibrosis progression. An acoustic 
radiation force impulse (ARFI) technique, ElastPQ, has been developed for 
measuring tissue stiffness. In this study, the author used a liver fibrosis animal 
model to demonstrate that ElastPQ is an available, convenient, objective and 
non-invasive technique for assessing liver stiffness in rabbits with CCl4-induced 
liver fibrosis. In addition, the changes in liver stiffness in rabbit models, or 
patients, after splenectomy can be dynamically monitored by ElastPQ.

Innovations and breakthrough
This is the first animal experiment to confirm that liver stiffness measurements 
with ElastPQ could be used to dynamically monitor the changes in liver 
stiffness. The results provide good news for liver fibrosis patients who are in 
need of long-term follow-up.

Applications
Based on this study, ElastPQ could dynamically monitor the changes in liver 
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stiffness after interventions.

Terminology
ElastPQ is an ARFI technique that can non-invasively measure tissue stiffness.

Peer-review
This is a well-supported paper presenting a study on utilizing CCl4-induced liver 
fibrosis to evaluate liver stiffness measurement approaches.
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Abstract
AIM
To evaluate the hepatoprotective effect of lycopene (Ly) 
on non-alcoholic fatty liver disease (NAFLD) in rat. 

METHODS
A rat model of NAFLD was first established by feeding 
a high-fat diet for 14 wk. Sixty-five rats were randomly 
divided into normal group, model group and Ly treatment 
groups. Alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), triglycerides (TG), total cho-
lesterol (TC) in serum and low density lipoprotein-
cholesterol (LDL-C), high density lipoprotein-cholesterol 
(HDL-C), free fatty acid (FFA), malondialdehyde (MDA), 
superoxide dismutase (SOD), glutathione (GSH) in 
liver tissue were evaluated, respectively. While the 
hepatoprotective effect was also confirmed by histo-
pathological analysis, the expression levels of TNF-α 
and cytochrome P450 (CYP) 2E1 in rat liver were deter-
mined by immunohistochemistry analysis.

RESULTS
A significant decrease was observed in the levels of 
serum AST (2.07-fold), ALT (2.95-fold), and the blood 
lipid TG (2.34-fold) and TC (1.66-fold) in the dose 
of 20 mg/kg Ly-treated rats (P  < 0.01), compared 
to the model group. Pretreatment with 5, 10 and 
20 mg/kg of Ly significantly raised the levels of 
antioxidant enzyme SOD in a dose-dependent manner, 
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to 90.95 ± 9.56, 109.52 ± 11.34 and 121.25 ± 10.68 
(P  < 0.05, P  < 0.01), as compared with the model 
group. Similarly, the levels of GSH were significantly 
increased (P  < 0.05, P  < 0.01) after the Ly treatment. 
Meanwhile, pretreatment with 5, 10 and 20 mg/kg of 
Ly significantly reduced MDA amount by 30.87, 45.51 
and 54.49% in the liver homogenates, respectively (P  
< 0.01). The Ly treatment group showed significantly 
decreased levels of lipid products LDL-C (P  < 0.05, 
P  < 0.01), improved HDL-C level and significantly 
decreased content of FFA, compared to the model 
group (P  < 0.05, P  < 0.01). Furthermore, the Ly-treated 
group also exhibited a down-regulated TNF-α and 
CYP2E1 expression, decreased infiltration of liver fats 
and reversed histopathological changes, all in a dose-
dependent manner (P  < 0.05, P  < 0.01).  

CONCLUSION
This study suggests that Ly has a protective effect on 
NAFLD, down-regulates expression of TNF-α, and that 
CYP2E1 may be one of the action mechanisms for Ly.

Key words: Lycopene; Antioxidant; Hepatoprotective; 
Non-alcoholic fatty liver; Cytochrome P450 2E1

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Lycopene (Ly), a phytochemical belonging 
to the carotenoid family, is a red-colored pigment, 
apolar and acyclic carotenoid. The present study was 
designed to evaluate the possible hepatoprotective 
effect of Ly on non-alcoholic fatty liver disease (NAFLD) 
in rat. This study represents the first examination of 
the effects of Ly on the therapy of NAFLD, and showed 
down-regulated expression of TNF-α and indicated that 
CYP2E1 may be one of the action mechanisms for Ly. 

Jiang W, Guo MH, Hai X. Hepatoprotective and antioxidant 
effects of lycopene on non-alcoholic fatty liver disease in rat. 
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from: URL: http://www.wjgnet.com/1007-9327/full/v22/
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of the 
causes of fatty liver, occurring when fat is deposited 
(steatosis) in the liver due to causes other than ex-
cessive alcohol use. NAFLD is considered to cover a 
spectrum of liver diseases, including simple steatosis, 
non-alcoholic steatohepatitis (NASH), liver fibrosis, 
liver cirrhosis and hepatocellular carcinoma (HCC)[1,2]. 
Ninety percent of patients with NAFLD show close 
relation with one or more of the following risk factors: 
hypertension, dyslipidemia, elevated triglyceride (TG) 
levels, obesity, insulin resistance, metabolic syndrome, 
type 2 diabetes mellitus and cardiovascular disease[3]. 

Currently, the percentage of people with NAFLD is 
approximately 20% worldwide and 25% in Western 
countries, making it one of the most dominant causes 
of chronic liver disease affecting both adults and 
children[4]. NAFLD is more common in patients with 
severe diabetes and obesity, mortality and disease 
evolution to liver fibrosis or liver cirrhosis is increased 
in old people with NAFLD[5]. Recently, the “two-hit” 
theory has arisen as a popular mechanism, although 
the cause of NAFLD remains to be clearly elucidated[6]. 
Furthermore, there is not any specific drug available 
for NAFLD, and no drug has yet to be tested in clinical 
phase Ⅲ trials. Therefore, no specific therapy can be 
firmly recommended to the patients with NAFLD[7].   

Lycopene (Ly), a phytochemical belonging to 
carotenoid family, is a red-colored pigment, acyclic 
and apolar carotenoid[8]. It is abundantly found in 
red-colored vegetables and fruits, such as tomatoes, 
papaya, gac fruit, pink grape-fruit, pink guava, carrots 
and watermelon, with the concentrations ranging from 
9 to 42 mg/kg depending on the variety[9]. Ly displays 
a range of unique and distinct biological properties 
owing to its acyclic structure, hydrophobicity and large 
array of conjugated double bonds. Recently, diverse 
studies have been reported that lycopene exerts 
powerful antioxidant activity both in vitro and in vivo 
against the oxidation of proteins, lipids and DNA, and 
also has the potential of quenching singlet oxygen 100 
times more efficiently than vitamin E and 125 times 
more than glutathione (GSH)[10]. Furthermore, even 
at low oxygen tension, it can also scavenge peroxyl 
radicals, inhibiting the process of lipid peroxidation[11]. 
It is the most efficient quencher of singlet oxygen 
among all naturally occurring carotenoids[11], and 
recently it has been in great demand as a food ad-
ditive and a natural antioxidant. Additionally, Ly also 
exhibited potent neuroprotective, anti-inflammatory, 
anti-proliferative, maintenance of normal cell meta-
bolism, cognition enhancing properties, regulating 
blood lipid metabolism and so on[12-16]. Therefore, with 
this background, we aimed to investigate the possible 
beneficial effects and the possible action mechanism of 
Ly on NAFLD using a rat model system.

MATERIALS AND METHODS
Materials and reagents 
Alanine aminotransferase (ALT), aspartate amino-
transferase (AST), TG, total cholesterol (TC), low 
density lipoprotein-cholesterol (LDL-C), high density 
lipoprotein-cholesterol (HDL-C), free fatty acid (FFA), 
malondialdehyde (MDA), superoxide dismutase (SOD) 
and GSH kits were obtained from Nanjing Jiancheng 
Bioengineering Institute (Nanjing, China). Protein assay 
kit was from Zhongshan Institute of Biotechnology 
(Beijing, China).

Mouse anti-TNF-α, rabbit anti-cytochrome P4502E1 
(CYP2E1), horseradish peroxidase (HRP)-conjugated 
goat anti-mouse IgG and HRP-conjugated goat anti-
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rabbit IgG antibodies were provided by Proteintech 
Group, Inc. (Chicago, IL, United States).

Ly (> 95%) was purchased from North China 
Pharmaceutical Co., Ltd. (Shijiazhuang, China).

The high-fat diet (HFD: 88% basic feed + 10% lard 
+ 2% cholesterol) was prepared in our lab.

Animals
Male Wistar rats (body weight 150 ± 10 g) were 
obtained from the Experimental Animal Center of 
Harbin Medical University (China). Six rats were kept in 
each single polyacrylic cage and were quarantined for 
1 wk before the experiments. All animals were housed 
under standard controlled conditions (temperature: 
24 ± 1 ℃, humidity: 50% ± 5% and 12 h light/dark 
cycle), with free access to food and water, and received 
humane care according to National Institutes of Health 
Guidelines of the United States (National Research 
Council of United States, 1996) and the related ethical 
regulations of Harbin Medical University. Animals were 
fasted for 12 h before sampling of material.

Experimental design
After acclimatization for 1 wk, 65 Wistar male rats were 
randomized into 2 groups. Group 1 (normal group) was 
raised with normal feed (n = 12), and Group 2 (model 
group) was raised on HFD (n = 53) for consecutive 8 
wk. From the 9th wk, all the surviving rats in the model 
group were further randomly divided into 1 model group 
and 3 Ly treatment groups, which were given Ly at a 
dose of 5, 10 or 20 mg/kg/d (n = 12), respectively. The 
model group was continued on the HFD for 6 wk as 
before, and the Ly groups were administered orally and 
continued on the HFD for 6 wk as before.

Rats were sacrificed by cervical dislocation at the 
end of the experiment, and blood samples of all rats 
were harvested for serum biochemical markers assay. 
The fresh liver obtained was weighed to calculate liver 
coefficient (% = liver weight/body weight × 100). The 
right liver lobe was fixed in 10% formalin to prepare 
paraffin sections, and the rest was stored at -80 ℃ for 
the other assays.

Serum biochemical markers assay
Serum was collected from blood after centrifugation 
at 3000 rpm for 10 min at 4 ℃. Serum ALT, AST, 
TG and TC were detected using commercial kits 
according to the manufacturer’s instructions and 
using a multifunctional biochemistry analyzer (AU600; 
Olympus, Tokyo, Japan). The absorbance of ALT and 
AST was read at 505 nm and the enzyme activity was 
calculated as U/L. The absorbance of TG and TC was 
read at 510 nm and the content was calculated as 
mmol/L.

Measurement of MDA formation in lipid peroxidation
Liver homogenate (10%, w/v) was prepared by ho-
mogenizing the liver tissue in 150 mmol/L Tris-HCl 

buffered saline (pH 7.2) with a polytron homogenizer. 
The level of MDA in liver tissues was measured at 
532 nm with a spectrophotometer (U-2001 Hitachi 
Ltd., Tokyo, Japan) following the kit protocol from 
Jiancheng Biological Engineering Institute. The data 
are expressed as nmol/mg protein of liver tissue.

Measurement of antioxidant and antioxidant enzyme 
activity
SOD and GSH activity were determined by commercial 
kit from Jiancheng Biological Engineering Institute 
following the protocol provided by the manufacturer. 
The absorbance of the SOD reaction was read at 550 
nm and the data are expressed as U/mg protein, while 
the GSH reaction was read at 420 nm and the enzyme 
activity was calculated as mg/g protein. 

Measurement of liver LDL-C, HDL-C and FFA activity
LDL-C, HDL-C and FFA in liver tissue were measured 
by commercial kit from Jiancheng Biological Engi-
neering Institute following the protocol provided by 
the manufacturer. The absorbance of LDL-C, HDL-C 
and FFA reaction was read at 546 nm and the data are 
expressed as mmol/L.

Histopathological observation
Liver specimens were fixed overnight in 10% formal-
dehyde buffer, then embedded in paraffin and cut 
into 5 µm thickness sections according to the routine 
procedure. The sections were stained with hematoxylin 
and eosin (HE) for routine histopathological exami-
nation, and examined under a light microscope (BX-50; 
Olympus) at 200 × magnification for the degree of 
hepatic steatosis and photographed.

Immunohistochemistry analysis of hepatic TNF-α  and 
CYP2E1
Paraffin-embedded sections (5 µm) were mounted 
on glass slides, then deparaffinized, incubated in 3% 
H2O2 for 10 min to quench endogenous peroxidase 
activity. The sections were stained with mouse anti-
TNF-α antibody and rabbit anti-CYP2E1 antibody at 
4 ℃ overnight respectively, after blocking with normal 
goat serum for 20 min. Then, the sections were 
incubated with HRP-conjugated goat anti-mouse and 
HRP-conjugated goat anti-rabbit antibody at 37 ℃ for 
30 min, respectively. The immunoreactive antibodies 
were visualized by incubation with DAB-H2O2 at room 
temperature for 10 min. Images were taken at original 
magnification of 200 × (Olympus BX-50 Microscope 
and a Leica DMI; Leica Microsystems, Wetzlar, 
Germany).

Statistical analysis
Data were expressed as mean ± SD and all statistical 
comparisons were made by means of a one-way 
ANOVA test followed by Dunett’s t-test. p < 0.05 and 
< 0.01 were considered statistically significant.
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Effects of Ly on blood lipid levels
HFD-induced NAFLD provoked a marked incremental 
change in TC and TG levels compared with those in 
the normal group (p < 0.01, Table 1), which indicates 
the successful establishment of the NAFLD model in 
rats. However, after Ly exposure, the concentrations of 
both TC and TG in blood were remarkably decreased in 
dose-dependent manners, as compared to the NAFLD 
model group (p < 0.05, p < 0.01, Table 1). All of these 
findings indicate that Ly exerts obvious lipid-lowering 
effects against NAFLD.

Effects of Ly on liver tissue SOD, GSH and MDA levels
The levels of liver antioxidant activities of SOD and GSH 
were measured due to the oxidative stress exhibited 
in the development of NAFLD[17]. SOD and GSH are 
capable of scavenging the lipid hydroperoxides, lipid 
peroxide radicals and other products which are toxic 
metabolites of NAFLD. Therefore, our study measured 
the contents of SOD, GSH and MDA in liver tissue of 
rats. From Table 2, we can clearly see the significant 
differences between the HFD-treated model group and 
the normal group for the levels of SOD and GSH, which 
were largely decreased (p < 0.01, Table 2) in the HFD-
treated group compared with that of normal group. 
However, pretreatment with 5, 10 and 20 mg/kg of Ly 
significantly raised the levels of the antioxidant enzyme 
SOD in a dose-dependent manner, to 90.95 ± 9.56, 
109.52 ± 11.34 and 121.25 ± 10.68 respectively (p < 
0.05, p < 0.01, Table 2), as compared with the model 

RESULTS
Effects of Ly on body weight and liver coefficient
After 8 wk of HFD feeding, the body weights of rats 
in the model group were significantly increased 
compared to that of rats in the control group (p < 0.01, 
Figure 1A). Meanwhile, after Ly treatment for 6 wk, 
the gain in body weight for the rats in the 10 and 20 
mg/kg Ly-treated groups was lower than that for the 
rats in the model group (p < 0.01, Figure 1A), which 
indicated that Ly treatment could inhibit the occurrence 
of obesity in HFD-administrated rats. Furthermore, 
consistent with these modifications, the liver coefficient 
was also reduced markedly in the Ly-treated rats (p < 
0.05, p < 0.01, Figure 1B), compared to the control 
group.

Effect of Ly on serum ALT and AST levels
Serum levels of AST and ALT indirectly reflects the 
failure of liver function. As shown in Table 1, serum 
AST (2.67-fold) and ALT (3.66-fold) activities were 
significantly increased after the administration of 
HFD, as compared with the normal group (p < 0.01). 
Compared with the model group, the levels of AST and 
ALT were significantly decreased in a dose-dependent 
manner after Ly treatment (5, 10 and 20 mg/kg) (p < 
0.05, p < 0.01, Table 1).
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Figure 1  Effects of lycopene on body weight (A) and liver coefficient (B). 
bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs model group. Ly: Lycopene.
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Table 1  Effect of lycopene on serum liver function markers 
and blood lipid levels

Group ALT (IU/L) AST (IU/L) TG (mmol/L) TC (mmol/L)

Control 16.72 ± 2.62 60.65 ± 6.28 0.52 ± 0.04 0.81 ± 0.06
Model 61.25 ± 13.55b 162.17 ± 35.53b 1.38 ± 0.21b 3.04 ± 0.72b

Ly 5 mg/kg 30.90 ± 3.84c 95.91 ± 13.65c 1.02 ± 0.10 2.31 ± 0.24
Ly 10 mg/kg 26.33 ± 2.06d 88.53 ± 9.18d 0.75 ± 0.06c 2.00 ± 0.12c

Ly 20 mg/kg 20.77 ± 3.52d 78.44 ± 9.79d 0.59 ± 0.03d 1.83 ± 0.15d

Data are expressed as mean ± SD (n = 12) for each group. bP < 0.01 
vs control group; cP < 0.05, dP < 0.01 vs model group. Ly: Lycopene; 
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TG: 
Triglycerides; TC: Total cholesterol.

Table 2  Effect of lycopene on liver antioxidant enzyme-
specific activities, antioxidant and lipid peroxidation levels

Group SOD 
(U/mgprot)

GSH 
(mg/gprot)

MDA 
(nmol/mgprot)

Control 131.42 ± 16.24 6.76 ± 1.54 3.46 ± 1.11
Model  77.70 ± 7.63b  2.55 ± 0.78b  7.58 ± 3.10b

Ly 5 mg/kg  90.95 ± 9.56c 2.68 ± 1.26  5.24 ± 1.46d

Ly 10 mg/kg  109.52 ± 11.34d  3.76 ± 0.91c  4.13 ± 1.13d

Ly 20 mg/kg  121.25 ± 10.68d  4.79 ± 1.51d  3.45 ± 1.39d

Data are expressed as mean ± SD (n = 12) for each group. bP < 0.01 vs 
control group; cP < 0.05, dP < 0.01 vs model group. Ly: Lycopene; SOD: 
Superoxide dismutase; GSH: Glutathione; MDA: Malondialdehyde. 
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group. Similarly, the levels of GSH were significantly 
increased by treatment with 10 and 20 mg/kg of Ly (p 
< 0.05, p < 0.01, Table 2). 

MDA, an end-product of the breakdown of poly-
unsaturated fatty acids and related esters, is an 
important index of lipid peroxidation in many organ 
homogenates[17]. Administration of HFD caused a 
significant increase in MDA concentration (2.19-fold), 
as compared with the normal group (p < 0.01, Table 2). 
However, pretreatment with 5, 10 and 20 mg/kg of Ly 
significantly reduced the MDA amount by 30.87, 45.51 
and 54.49% in the liver homogenates respectively (p 
< 0.01, Table 2). 

Effects of Ly on LDL-C, HDL-C and FFA levels in liver 
tissue
Levels of lipid products were significantly increased 
after 8 wk of HFD feeding in the model group com-
pared to the control group (p < 0.01, Table 3). Results 
showed that LDL-C was significantly increased in the 
model group compared with the normal group (p < 
0.01, Table 3) and dramatically decreased in the Ly-
treatment group, as compared with that in the model 
group (p < 0.05, p < 0.01, Table 3). In contrast, 
HDL-C level was significantly decreased at the end 
of the experiment, and Ly treatment significantly 
improved the HDL-C level, as compared with that 
in the model group (p < 0.05, p < 0.01, Table 3). 
Similarly, the concentration of FFA was remarkably 
increased after HFD administration, and pretreatment 
with Ly significantly decreased the content of FFA in a 
dose-dependent manner (p < 0.05, p < 0.01, Table 3). 

Histopathological changes in the liver tissue
Observed with the naked eye, the livers of the control 
group were deep red, moist, glossy and resilient 
(Figure 2AⅠ), while those of the model group showed 
yellow necrotic foci, grey-red color, loss of luster and 
tumescent (Figure 2AⅡ). However, in Ly-treated rats, 
the liver injury was attenuated dramatically in a dose-
dependent manner (Figure 2AⅢ-Ⅴ).

HE-stained sections are shown in Figure 2B. Under 
the photomicroscope, liver sections from the normal 

control group showed normal lobular architecture, liver 
cells with well-preserved cytoplasm and well-defined 
nucleus (Figure 2BⅠ). Meanwhile liver sections from 
the model group showed full fat vacuoles in lobule 
cells, infiltration of inflammatory cells, cell swelling and 
lipid degeneration in the central region of the lobules 
(Figure 2BⅡ). Furthermore, in the liver sections of 
the Ly-treated group, inflammatory response and lipid 
degeneration were remarkably alleviated, as compared 
with the model group, and the liver cell volume 
became smaller, the fat droplet number was reduced 
and the hepatic lobules were clearly delineated (Figure 
2BⅢ-Ⅴ).

Effect of Ly on immunohistochemistry analysis of 
hepatic TNF-α  and CYP2E1 
The immunohistochemistry (IHC) analysis of liver 
tissue showed no TNF-α expression in the normal 
group (Figure 3AⅠ), but increased expression of 
TNF-α in the HFD-model group (Figure 3AⅡ). After 
pretreatment with Ly (5, 10 and 20 mg/kg), TNF-α 
expression decreased in a dose-dependent manner, 
but remained higher than that in the normal group 
(Figure 3AⅢ-Ⅴ). Quantification of the positive 
expression of TNF-α is shown in Figure 3AⅥ. The 
results are presented as mean ± SD of (n = 12). bp < 
0.01 was significantly different from the normal group; 
cp < 0.05 and dp < 0.01 were significantly different 
from the model group, respectively.

In Figure 3B, the normal liver expressed the 
lowest amount of CYP2E1 (Figure 3BⅠ). The HFD-
model group showed significantly higher expression 
of CYP2E1, as compared with the controls (p < 0.01, 
Figure 3BⅡ). Meanwhile the Ly-treated group (5, 10 
and 20 mg/kg) showed markedly decreased CYP2E1 
expression (Figure 3BⅢ-Ⅴ). Quantification of the 
positive expression of CYP2E1 is shown in Figure 3B
Ⅵ. The results are presented as mean ± SD (n = 12). 
bp < 0.01 was significantly different from the control 
group; cp < 0.05 and dp < 0.01 were significantly 
different from the model group, respectively.

DISCUSSION
NAFLD is defined by hepatic fat deposition in the 
absence of excessive alcohol intake, which is also 
associated with the insulin resistance (IR) and 
metabolic syndrome[18-20]. Generally, NAFLD is defined 
as a concentration of hepatic TG exceeding 5% liver 
weight, and often exhibits a histological spectrum 
ranging from simple steatosis to NASH. NASH is 
characterized by hepatocellular damage, fibrogenesis 
and lobular necro-inflammation[21,22], which may 
evolve to hepatic cirrhosis and HCC[23,24]. Although 
HFD-induced NAFLD animal models need a lengthy 
feeding period, they are more close to human NAFLD 
in pathophysiology, including induced obesity, IR 
and hepatic steatosis in mice or rats[25]. Emotional 

Table 3  Effect of lycopene on low density lipoprotein-
cholesterol, high density lipoprotein-cholesterol and free fatty 
acid levels in liver tissue

Group LDL-C (mmol/L) HDL-C (mmol/L) FFA (mmol/L)

Control 0.34 ± 0.08 0.98 ± 0.10 0.82 ± 0.13
Model  2.48 ± 0.13b  0.55 ± 0.02b  2.03 ± 0.15b

Ly 5 mg/kg  1.32 ± 0.10c  0.70 ± 0.04c 1.73 ± 0.12
Ly 10 mg/kg  0.95 ± 0.05d  0.80 ± 0.05d  1.56 ± 0.10c

Ly 20 mg/kg  0.62 ± 0.08d  0.87 ± 0.05d  1.34 ± 0.08d

Data are expressed as mean ± SD (n = 12) for each group. bP < 0.01 vs 
control group; cP < 0.05, dP < 0.01 vs model group. Ly: Lycopene; LDL-C: 
Low density lipoprotein-cholesterol; HDL-C: High density lipoprotein-
cholesterol; FFA: Free fatty acid.
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disorders or poor diet with the key points of blood 
stasis and phlegm is regarded as the etiology of 
NAFLD, and these etiologies are related to the organs 
of liver, spleen and kidney, according to the traditional 
medicine theory[26]. Thus, promoting blood circulation 
to remove meridian obstruction, reducing phlegm, 
removing dampness and liver-kidney-tonifying are an 
effective approach to treatment of NAFLD. However, 
at present, although tremendous effort has made in 

prevention of NAFLD by clinicians and researchers 
alike, there are no approved treatment drugs for 
NAFLD. Hence, developing and exploring a novel agent 
to delay or reverse the pathogenesis progression in 
NAFLD are very important objectives. 

Ly is a natural pigment, synthesized by plants and 
microorganisms. Red fruits and vegetables are the 
most common sources of Ly, which exhibits the highest 
antioxidant activity among all dietary carotenoids. 

Figure 2  Appearance of rat liver tissue (A) and histopathological examination by HE (B, 200 ×). Ⅰ: Control group; Ⅱ: Model group; Ⅲ: Ly 5 mg/kg group; Ⅳ: 
Ly 10 mg/kg group; Ⅴ: Ly 20 mg/kg group. Ly: Lycopene.
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Figure 3  Representative photographs of immunological histological chemistry examination (200 ×). A: TNF-α; B: CYP2E1. Ⅰ: Control group; Ⅱ: Model group; 
Ⅲ: Ly 5 mg/kg group; Ⅳ: Ly 10 mg/kg group; Ⅴ: Ly 20 mg/kg group; Ⅵ: Quantification of TNF-α (A-VI) and CYP2E1 (B-VI) stained cells. The results are expressed 
as mean ± SD of 12 rats. bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs model group. Ly: Lycopene.
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Furthermore, the Mediterranean dietary pattern, 
which includes proportionally high consumption of 
vegetables and fruits with Ly, has shown notable 
benefits for NAFLD patients[27,28]. Therefore, nowadays, 
the potential role of Ly in human health is beginning to 
be recognized, and the most important health benefits 
are hypothesized to occur through their ability to 
protect against oxidative damage[29,30]. In vitro studies 
have demonstrated that Ly is an effective antioxidant 
and radical scavenger[31,32]. Ly is the most potent 
singlet oxygen quencher among natural carotenoids, 
due to its high number of conjugated dienes[33], and 
recent studies have shown that Ly is at least two times 
as active as β-carotene in protecting lymphocytes for 
NO2· radical-induced membrane damage[34,35], which 
indicates that Ly is the most potent scavenger of 
ROS among other major dietary carotenoids[36,37]. In 
addition, Ly was shown to protect human LDL against 
photosensitized oxidative damage[32]. Thus, based on 
the benefits of Ly, the aim of the present study was to 
explore the effect of Ly in prevention of HFD-induced 
NAFLD in a rat model. To the best of our knowledge, 
this is the first time research has attempted to explore 
the potent effects of Ly on HFD-induced NAFLD rats.

In the present study, compared to a normal control 
group, it was demonstrated that the liver coefficient 
and the levels of serum ALT, AST, TG and TC were 
significantly increased, the levels of LDL-C and FFA 
in liver were markedly increased, and HDL-C was 
markedly reduced in HFD-induced NAFLD model rats. 
Pretreatment with Ly showed that Ly is able to inhibit 
the incremental changes in ALT and AST, to decrease 
the TG, TC, LDL-C and FFA levels, and to increase 
the HDL-C level. In addition, the histopathological 
changes from microscopy observation correlated with 
the examination of liver function. The centrilobular 
hepatic necrosis, ballooning degeneration, fatty 
change and infiltrating lymphocytes were observed 
in NAFLD model group. Treatment with Ly prevented 
these histopathological changes in rats induced with 
HFD. Thus, these results suggested that the inhibition 
of the elevation of liver function markers, obvious 
lipid-lowering and liver damage may related to the 
protective effect of Ly against HFD-induced NAFLD. 
Moreover, Ly enhanced the activities of SOD, increased 
GSH and diminished MDA against the HFD-induced 
NAFLD in these animals, suggesting that the activity of 
antioxidants may play a role in the mechanism of its 
hepatoprotective effects. 

TNF-α is a central proinflammatory cytokine, 
which is associated with a variety of physiological and 
pathological conditions, including cytotoxicity, growth 
stimulation, immune-modulation and pro-inflammatory 
activity. In addition, TNF-α is produced predominantly 
by the monocyte macrophage lineage in liver, and the 
main population of this lineage is Kupffer cells. Thus, 
increased TNF-α production by activated Kupffer cells 
may be responsible for NAFLD. Furthermore, the most 
current studies have indicated that inhibition of TNF-α 

could decrease the content of hepatic fatty storage in 
the HFD-induced NAFLD model[38]. In our study, the 
effects of TNF-α in damaged liver was evaluated by 
IHC. Compared to the normal group, rats treated with 
HFD showed up-regulated expression of TNF-α, while 
pretreatment with Ly led to down-regulated expression 
of TNF-α compared to the HFD-model group.

The isoform 2E1 of CYP is one of the most potent 
microsome cytochromes to generate ROS, and it 
is involved in the metabolism of isoniazid and the 
mediation of its hepatotoxicity[39], which has been 
exhibited to be invariably increased in the livers of 
NAFLD patients[40]. In this study, the expression of 
CYP2E1 in the HFD-model group was observed to be 
increased, while the Ly treatment group showed a 
significant down-regulation of its expression, especially 
in the high-dose Ly-treated group.   

In conclusion, oral administration of Ly improved 
lipid profiles and remarkably decreased the levels 
of serum AST, ALT, TG and TC, alleviated the levels 
of liver LDL-C and FFA, increased the activities of 
antioxidant enzymes (GSH, SOD) and reduced the lipid 
peroxides in liver (MDA) in NAFLD model rats. Further, 
the Ly-treated group also showed down-regulated 
expression of TNF-α and CYP2E1, decreased liver fats 
infiltration and improved histopathological changes, all 
in dose-dependent manners. The increased antioxidant 
enzyme levels and the decreased lipid peroxides 
contents are suggested to be important mechanisms 
of Ly in preventing the development of liver damage 
induced by HFD.

COMMENTS
Background
Non-alcoholic fatty liver disease (NAFLD) is one of the causes of fatty liver, 
which encompasses a spectrum of liver diseases, including simple steatosis, 
non-alcoholic steatohepatitis (NASH), liver fibrosis, liver cirrhosis and 
hepatocellular carcinoma (HCC). Until now, there is not any specific drug 
available, and no drug has currently been tested in clinical phase Ⅲ trials. 
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and unique biological properties owing to its acyclic structure, hydrophobicity 
and large array of conjugated double bonds. A recent report showed that the 
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of vegetables and fruits with Ly, has notable benefits for NAFLD patients. Thus, 
with this background, we aimed to investigate the possible beneficial effects 
and the possible action mechanism of Ly on NAFLD in a rat model system.
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No specific drug has been tested in clinical phase Ⅲ trials for NAFLD to date, 
and there are few research studies of the hepatoprotective effects of Ly.
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This study represents the first investigation of the effects of Ly as a therapy of 
NAFLD, and showed that down-regulated expression of TNF-α and CYP2E1 
may be one of the action mechanisms for Ly. 

Applications
This study suggests that Ly has a protective effect on NAFLD, which is very 
important for the future development of a potent NAFLD drug. 
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Terminology
NAFLD is one of the causes of fatty liver, defined as biopsy-proven hepatic 
steatosis. It covers a spectrum of liver diseases, including simple steatosis, 
NASH, liver fibrosis, liver cirrhosis and HCC. Recently, many NAFLD drug 
research studies have focused on the traditional Chinese medicines.

Peer-review
This is a meaningful study, in which the effects of “lycopene” were examined on 
an NAFLD rat model. The results are very important and suggest that Ly exerts 
a protective effect on NAFLD through down-regulation of TNF-α and CYP2E1 
expression. 
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Abstract
AIM
To evaluate outcomes associated with use of a saline 
coupled bipolar sealer during open partial liver resection.

METHODS
This retrospective analysis utilized the United States 
Premier™ insurance claims database (2010-2014). 
Patients were selected with codes for liver malignancy 
and partial hepatectomy or lobectomy. Cases were 
defined by use the saline-coupled bipolar sealer; 
controls had no use. A Propensity Score algorithm was 
used to match one case to five controls. A deviation-
based cost modeling (DBCM) approach provided an 
estimate of cost-effectiveness.

RESULTS
One hundred and forty-four cases and 720 controls 
were available for analysis. Patients in the case cohort 
received fewer transfusions vs  controls (18.1% vs  
29.4%, P = 0.007). In DBCM, more patients in the case 
cohort experienced “on-course” hospitalizations (53.5% 
vs  41.9%, P  = 0.009). The cost calculation showed an 
average savings in total hospitalization costs of $1027 
for cases vs  controls. In multivariate analysis, cases 
had lower odds of receiving a transfusion (OR = 0.44, 
95%CI: 0.27-0.71, P  = 0.0008).

CONCLUSION
Use of a saline-coupled bipolar sealer was associated 
with a greater proportion of patients with an “on 
course” hospitalization.
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Core tip: This study evaluated outcomes associated with 
use of a saline coupled bipolar sealer during open partial 
liver resection. Using US Premier insurance claims data, 
Cases with use of the saline-coupled bipolar sealer 
(SCBS) were propensity-score matched to controls 
with no use. A deviation-based cost modeling (DBCM) 
approach provided an estimate of cost-effectiveness. 
Results demonstrated that use of the SCBS in open 
partial liver resection for hepatic malignancy is associated 
with reduction in the need for transfusion, and is cost-
effective in a DBCM analysis. This technology provides 
an alternative solution for bleeding control in partial 
liver resection compared to traditional methods.
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INTRODUCTION
Liver resection remains the only curative treatment 
for primary and metastatic liver malignancy. However, 
despite advances in surgical technique over the past 
two decades, blood transfusions are still required in 
a proportion of patients undergoing liver resection 
(3.3%-59%), varying by the extent of the procedure 
and device combinations used[1-5]. Predictors of 
transfusion include factors related to the operative 
procedure (resection technique, extent of resection, 
tumor size, need for other major resections during 
the same hospitalization) as well as patient-specific 
characteristics (pre-operative hemoglobin and albumin 
levels, pre-operative biliary drainage, and diagnosis 
of a primary liver tumor, coronary artery disease, or 
cirrhosis)[6-9].

The most serious complication associated with 
transfusion, beyond simple transfusion-related reac-
tions or immunomodulatory effects, is the increased 
risk of tumor recurrence[6,8-10]. In a meta-analysis of 22 
studies evaluating the impact of perioperative allogenic 
blood transfusion on long term outcomes following 
hepatocellular carcinoma (HCC) resection, authors 
found the risk of tumor recurrence was significantly 
higher among patients with a transfusion at one (OR = 
1.70, 95%CI: 1.38-1.10), three (OR = 1.22, 95%CI: 
1.08-1.38), and five years (OR = 1.16, 95%CI: 
1.08-1.24) post-resection compared with patients 
with no transfusion. This finding was confirmed in a 
Cochrane meta-analysis evaluating the risk of cancer 

recurrence following surgery for colorectal cancer 
among patients with vs without receipt of a transfu-
sion[11]. These studies suggest that transfusion may 
result in immunosuppression in the early postopera-
tive period, which could allow for the progression of 
residual carcinoma and influence survival[12].

Prior research has demonstrated the effects of 
surgical technique, peri-operative blood management 
protocols, and use of surgical technologies on the 
risk of transfusion[1-5]. Peri-operatively, studies have 
examined autologous blood donation, intravenous 
iron therapy, and strict transfusion protocols. Intraop-
eratively, other studies have examined the effects of 
clamping the hepatic artery and portal vein (i.e., Prin-
gle’s Maneuver), topical hemostatic agents, and use 
of technologies such as the cavitron ultrasonic surgical 
aspirator (CUSA), saline-coupled bipolar sealer (SCBS), 
argon beam coagulation (ABC), harmonic scalpel, 
bipolar scissors, vessel sealers, cell saver systems, 
and hydrodissector[13]. The majority of these studies 
examined clinical outcomes alone, with few examining 
the total cost of the procedure or incremental costs 
associated with complications. Two prior high-quality 
cost studies applied a novel methodology, deviation-
based cost modeling (DBCM), however the primary 
comparison was of open vs laparoscopic approach 
rather than specific surgical technologies utilized dur-
ing the procedure[14,15].

Given that few studies to date summarize total 
direct hospitalization costs by choice of surgical tech-
nology during hepatic resection, we sought to examine 
the resource use and costs by technology choice. 
Specifically, in the present study we evaluated the 
clinical and economic outcomes associated with the 
SCBS during open partial liver resections, using real-
world data from a nationally representative US claims 
database.

MATERIALS AND METHODS
Data source and patient population
This retrospective database analysis reviewed recent 
healthcare insurance claims data from the Premier Per-
spective™ database (Premier Inc., Charlotte, NC, United 
States). Data were analyzed over the period 01/2010 
to 06/2014. The database includes information on 
patient demographics, diagnosis and procedure codes, 
and cost information for over 2000 hospitals and 300 
million patient encounters. This database is limited to 
the inpatient period, with no ability to track patients 
longitudinally in follow-up. The Premier database 
allows for tracking of total hospitalization cost informa-
tion on a per-patient basis. However, the inherent 
tradeoff of working with retrospective claims data is 
the reliance on ICD-9 diagnosis and procedure codes 
to identify liver resections - with the codes providing 
no information on the specific number of segments, 
lobes, or tissue volume resected. Given this study used 
de-identified patient data, it was not subject to Insti-
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tutional Review Board approval. The study dataset and 
full study tables are available from the corresponding 
author.

Patients aged 18 and older with records that included 
International Classification of Diseases (ICD-9-CM) or 
Current Procedural Technology (CPT) procedure codes 
for liver resection during a hospitalization episode 
(50.22 - partial hepatectomy or 50.3x - lobectomy), 
accompanied by a diagnosis code for primary malig-
nant neoplasm of the liver (155.0x) or metastatic 
neoplasm of the liver (197.7x), were selected. Those 
with benign neoplasms (211.5x) were excluded to 
reduce the potential confounding effects of different 
liver pathology and bleeding risk. Total liver resection 
and transplant procedures were excluded. Operations 
using ablation procedures or laparoscopic approaches 
(as identified by ICD-9-CM codes and key terms in 
Premier Chargemaster records) were excluded due to 
the high cost of these procedures and to better isolate 
the effects of SCBS use. Open SCBS device use was 
identified by the hospital Chargemaster file; laparo-
scopic SCBS models were excluded.

The “case” cohort was defined as any hospitaliza-
tion episode meeting all inclusion criteria listed above, 
where the SCBS was used. The “control” cohort was 
defined as cases in which the SCBS was not used. 

Similar to prior cost analyses[16], patients in the top one 
percent of total hospitalization cost within each cohort 
were excluded from analysis in order to reduce the 
effects of extreme outliers (> $87262 among cases 
and > $153428 among controls). Figure 1 provides a 
summary of patient selection.

Study measures
Study measures included patient demographic, clini-
cal, hospital, and surgeon characteristics, transfusion 
procedures and other complications during index 
hospitalization, hospital length of stay (LOS) and costs. 
Comorbidity status was evaluated with diagnoses 
recorded during the one year prior to admission 
(baseline period) through the index hospitalization 
episode. The Charlson Comorbidity Index (CCI) score, 
a composite measure of physical health status com-
monly used in studies of medical claims and chronic 
disease[17,18] was calculated for each patient. For this 
study, malignancy, metastatic solid tumor, and mild 
or moderate liver disease were excluded from the CCI 
calculation as these were present for most patients.

Propensity score matching
In order to address selection bias and ensure demo-
graphic and hospitalization characteristics were similar 
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Figure 1  Patient selection. SCBS: Saline-coupled bipolar sealer.

Partial liver resection procedure code
n  = 7865

No laparoscopic approach or ablation procedure, and no conversion to total 
hepatectomy or transplant

n  = 5317

Diagnosis of a primary or metastatic hepatic malignancy; with no concurrent 
diagnosis of begin liver neoplasm

n = 3238

Age ≥ 18
n  = 3178

SCBS use
n  = 154

No SCBS use
n  = 3024

Exclude patients with > 99th percentile 
total hospitalizations cost

n  = 2993

Exclude patients with > 99th percentile 
total hospitalizations cost

n  = 152

SCBS propensity score matched 
(case cohort)

n  = 144

No SCBS propensity score matched 
(control cohort)

n  = 720
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across the case and control cohorts, a propensity-
score matching algorithm was applied. Each case was 
matched to five controls based on age group, gender, 
race, region, primary payor, procedure type, indicating 
diagnosis, other comorbid liver-related conditions, CCI, 
surgeon specialty, and the proportion of surgeons with 
history of at least one liver procedure performed in 
the prior year. These matching covariates were chosen 
both based on significant differences observed in 
unmatched cohorts (P values < 0.05), and on the basis 
of clinical and demographic factors that may have 
impacted surgeon choice of technology use. Matching 
was applied using the nearest neighbor approach, with 
a caliper width of 0.10 of the standard deviation of the 
logit of the propensity score.

Hospital resource use and deviation-based cost 
modeling
Transfusion procedures were identified by ICD-9 (V58.2, 
99.00-99.04) or CPT codes (36430, P9010, P9011) or 
presence of the term “blood transfusion” in the hospital 
Chargemaster file. Topical hemostat use was identi-
fied by any mention of “hemostat” or “sealant” in the 
Chargemaster file under the “Medical Surgical Supplies” 
category.

A DBCM approach was employed to account for 
variation in resource use associated with different hospi-
tal LOS categories and severity of complications[14,15,19]. 
Vanounou et al[15,19] originally developed this approach 
in analyses evaluating the economic impact of pancre-
aticoduodenectomy procedures and a comparison of 
laparoscopic vs open liver resection. This methodology 
measures the frequency and severity of deviations from 
an “expected” postoperative course and calculates the 
economic consequences of hospitalizations that do not 
follow expected outcomes. The benefits of this approach 
are the incorporation of complications, LOS, and costs 
into one measure, providing a single outcomes-based 
metric that provides more information than simply 
clinical or cost data alone[14,15]. Data on LOS and compli-
cations were combined to create four deviation classes: 
on-course, minor, moderate, and severe. Definitions for 
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Table 1  Definition of deviation mix for deviation-based cost 
modeling

each class are listed in Table 1. Once deviation groups 
were defined, a weighted average mean cost (WAMC) 
was calculated by multiplying the percentage of patients 
in each category by the mean cost of that category.

Data analyses
Analyses were performed using the Instant Health 
Data Suite (Boston Health Economics, Inc., Boston, 
MA) and SAS software (Version 9.2, SAS Institute, 
Cary, NC, United States). All costs were inflation-
adjusted to 2014 USD using the medical care com-
ponent of the Consumer Price Index. Statistical signi-
ficance testing was performed with the Chi-square (χ2) 
test for categorical variables (or Fisher’s Exact with cell 
frequencies < 10) and Wilcoxon-Mann-Whitney test for 
non-normal continuous variables. Predictors of topical 
hemostat use and transfusion, controlling for demo-
graphic and clinical characteristics, provider specialty 
and experience, and study cohort, were evaluated 
using logistic regression analysis.

RESULTS
Demographic and clinical characteristics
Between January 2010 and June 2014, 152 cases and 
2993 unmatched controls were available for analysis 
after applying all sample selection criteria, with proce-
dures performed at 284 hospitals nationally. Following 
application of the propensity score algorithm 144 cases 
and 720 controls were available for matched analyses 
(Table 2). Post-match, differences between cohorts 
were removed, with all clinical characteristics statisti-
cally similar.

Inpatient complications
In matched analysis, patients in the case cohort had 
lower incidence of transfusions vs the control cohort, 
with an absolute risk reduction of 11.3% and relative 
risk reduction of 38.7% (18.1% vs 29.4%, P = 0.007). 
Additionally, patients in the case cohort had fewer 
cases of acute kidney failure occurring during the same 
hospitalization episode (3.5% vs 8.8%, P = 0.048). 
All other inpatient complications were statistically 
similar across cohorts, including infection, urinary tract 
infection, acute respiratory failure, pneumonia, deep 
vein thrombosis, hemorrhage or hematoma, wound 
disruption, and bile leak. One patient (0.694%) in the 
case cohort had evidence of bile leak vs eight patients 
in the control cohort (1.11%), however this difference 
was not significant (P = 1.00). No patients in the case 
cohort experienced acute liver failure, pulmonary 
embolism, or transfusion-related complications, while 
1.8%, 1.0%, and 0.6% of control patients developed 
these complications during the inpatient visit (all P > 
0.05).

Overall, 25.0% of the case cohort showed evidence 
of topical hemostat use during the liver resection 
procedure, while 17.2% of the control cohort showed 

1Minor complication: Transfusion, urinary tract infection, hemorrhage/
hematoma, wound disruption, or transfusion complications; Moderate 
complication: Deep vein thrombosis, pulmonary embolism, pneumonia, 
infection, or bile leak; Major Complication: Acute respiratory failure, acute 
kidney injury, or acute liver failure. LOS: Length of stay.

Deviation LOS Complication group1

On course ≤ 50th percentile No complication
Minor 
deviation

> 50th percentile No complication
≤ 50th Minor complication, no moderate or major

Moderate 
deviation

> 50th percentile Minor complication, no moderate or major
Any LOS Moderate no major

Major 
deviation

Any LOS Major
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Table 2  Patient demographics n  (%)

evidence of topical hemostat use (P = 0.038). Among 
patients with topical hemostat use, the incidence of 
transfusions was lower in the case cohort, however the 
difference was not statistically significant (25.0% vs 
37.9%, P = 0.108), Figure 2. When a topical hemostat 
was not used, the case cohort had lower incidence of 
transfusion compared to the control cohort (15.7% vs 
27.7%, P = 0.009).

DBCM analysis
Length of stay was shorter in the case cohort, however 
the difference was not statistically significant (7.38 
d vs 8.18 d, P = 0.210; Table 3); the median LOS 
was six days for each cohort. A greater proportion of 
patients in the case cohort had an on-course hospi-
talization vs the control cohort (53.5% vs 41.9%, P 
= 0.013; Table 4). The proportion in other deviation 
classes was statistically similar across cohorts. Mean 
total hospitalization costs were greater among those 
with an on-course hospitalization in the case cohort 
vs controls ($18000 vs $16813, P = 0.029); costs in 
other deviation classes were not statistically different. 
Overall, accounting for the distribution of patients in 
each deviation class and mean cost by deviation class, 
the WAMC for the case cohort was $25503 vs $26530 
for controls. This represents an average savings of 
$1027 in the total hospitalization cost per patient when 
the SCBS was used.

Predictors of topical hemostat use and incidence of 
transfusion
In logistic regression analysis of predictors of topical 
hemostat use, patients residing in the South were at 
greater odds of topical hemostat use compared to 
those in the Northeast, while patients with the surgery 
performed by a surgical oncologist were at lower odds 
of hemostat use compared to general surgeons (Table 
5). Patients in the case cohort were at higher odds of 
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 Unmatched P  value Matched P  value
SCBS No SCBS SCBS No SCBS

n 152 2993 144 720
Age, mean (SD) 62 (12.5) 61.58 (12.1) 0.683 61.49 (12.5) 62.14 (12.1) 0.568
Age group1 0.960

18 to 44 10 (6.6) 262 (8.8) 0.868 10 (6.9) 49 (6.8)
45 to 54 29 (19.1)   536 (17.9)   28 (19.4) 143 (19.9)
55 to 64 44 (28.9)   914 (30.5)   44 (30.6) 198 (27.5)
65 to 74 46 (30.3)   862 (28.8)   41 (28.5) 220 (30.6)
75 plus 23 (15.1)   419 (14.0)   21 (14.6) 110 (15.3)

Race 0.148 0.692
Black 18 (11.8)   368 (12.3)   18 (12.5)   87 (12.1)
Caucasian 83 (54.6) 1788 (59.7)   76 (52.8) 407 (56.5)
Hispanic 0 (0)   41 (1.4) 0 (0) 0 (0)
Other 51 (33.6)   796 (26.6)   50 (34.7) 226 (31.4)

Region < 0.001 0.892
Midwest 31 (20.4)   304 (10.2)   26 (18.1) 112 (15.6)
Northeast 52 (34.2)   959 (32.0)   49 (34.0) 260 (36.1)
South 41 (27.0) 1321 (44.1)   41 (28.5) 206 (28.6)
West 28 (18.4)   409 (13.7)   28 (19.4) 142 (19.7)

Sex
Female 71 (46.7) 1315 (43.9) 0.556   67 (46.5) 308 (42.8) 0.461

Payor 0.577 0.903
Commercial 49 (32.2) 1166 (39.0)   49 (34.0) 234 (32.5)
Medicare 21 (13.8)  362 (12.1)   21 (14.6) 111 (15.4)
Medicaid 73 (48.0) 1302 (43.5)   65 (45.1) 341 (47.4)
Other  9 (5.9) 163 (5.5)   9 (6.3) 34 (4.7)

1Excluding primary malignancy, metastatic solid tumor, mild liver disease, moderate or severe liver disease. P values were calculated with the χ2 test (or 
Fisher’s Exact where cell frequencies < 10), t-test (or Wilcoxon Mann-Whitney test for skewed distributions). SCBS: Saline-coupled bipolar sealer.

Figure 2  Transfusions and topical hemostat use.

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

Tr
an

sfu
sio

ns
 ov

er
all

 (%
)

Case cohort matched
Control cohort matched

18.1%

29.4%

W
ith

 to
pic

al 
he

mos
tat

 us
e: 

tra
ns

fus
ion

s (
%

) 

W
ith

ou
t t

op
ica

l h
em

os
tat

 

us
e: 

tra
ns

fus
ion

s (
%

) 

P  = 0.007

37.9%

P = 0.108

25.0%

15.7%

27.7%

P = 0.009

Nichols CI et al . Bipolar sealer for liver resection



topical hemostat use vs controls (OR = 2.56, 95%CI: 
1.70-3.86, P < 0.001).

In a regression evaluating predictors of a transfu-
sion during the hospitalization (Table 5), patients 
aged 75 or older (vs ages 18 to 44), Black race (vs 
Caucasian), and patients residing in the South (vs 
Northeast), and patients operated on by an other 
surgical specialist (vs general surgeons) were at higher 
odds of receiving a transfusion. Patients undergoing 
a lobectomy (vs partial hepatectomy) were at higher 
odds, as were patients whose diagnosis was a primary 
malignancy (vs metastatic). Controlling for topical 
hemostat use, patients in the case cohort were at 
lower odds of transfusion vs controls (OR = 0.44, 
95%CI: 0.27-0.71, P = 0.0008)

DISCUSSION
This retrospective database analysis evaluated the use 
of the SCBS in open partial liver resection for hepatic 
malignancy. After matching, patients treated with the 
SCBS had a lower incidence of transfusions (18.1% vs 
29.4%, P = 0.007). Controlling for topical hemostat 
use, the reduction of transfusion incidence in univariate 
analysis was confirmed in multivariate analysis, with 
SCBS use associated with a lower odds of transfusion 
vs no use (OR = 0.44, 95%CI: 0.27-0.71). Overall, 
DBCM analyses indicated an average cost savings 
of $1027 among cases when accounting for the 
proportion within each “hospital deviation” class, with 
significantly more patients in the SCBS cohort with an 

“on course” hospitalization (defined as no complica-
tions and a LOS less than the median). We believe this 
study, despite the lack of clinical detail on number of 
lobes resected, provides information on “real-world” 
practice outside of a controlled prospective study or 
randomized controlled trial.

This study adds to a growing body of research 
evaluating the safety and efficacy of SCBS in liver 
resections. Authors at the University of Pittsburgh 
Starzl Transplant Institute performed a single-arm 
study evaluating the safety of the SCBS (formerly of 
“TissueLink Medical”) in 170 open liver resection proce-
dures performed between 2001 and 2004[20]. Overall, 
3.5% of patients were transfused and 2.4% developed 
a postoperative bile leak. There were no cases of post-
operative hemorrhage, hepatic failure, liver abscess, 
or reoperation. The authors concluded the SCBS was 
effective in achieving intraoperative hemostasis in 
hepatic resection. The observed transfusion rate was 
much lower than in our present study, however this is 
likely due to comparing outcomes from a single high-
volume hospital vs our present study, which includes 
data from 284 hospitals.

In a prospective single-arm study in Italy, the 
incidence of early surgical complications (including 
bleeding, biliary leakage, and abscess development) 
following 12 partial hepatectomies with the SCBS was 
evaluated[21]. Mean blood loss was 20 mL (range 5 to 
80 mL), with no transfusions and a mean LOS of six 
days[21]. This LOS is similar to the 7.4 d observed in 
the case cohort of our study.
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Table 3  Clinical characteristics n  (%)

1Excluding primary malignancy, metastatic solid tumor, mild liver disease, moderate or severe liver disease. P values were calculated with the χ2  test (or 
Fisher’s Exact where cell frequencies < 10), t-test (or Wilcoxon Mann-Whitney test for skewed distributions). SCBS: Saline-coupled bipolar sealer.

 Unmatched P  value Matched P  value
SCBS No SCBS SCBS No SCBS

n 152 2993 144 720
Procedure Type

Partial hepatectomy 99 (65.1) 2061 (68.9) 0.308    98 (68.1) 478 (66.4) 0.772
Lobectomy 53 (34.9) 964 (32.2) 0.552    46 (31.9) 251 (34.9) 0.564

Indicating diagnosis
Primary hepatobiliary malignancy 63 (41.5) 850 (28.4) 0.001    56 (38.9) 300 (41.7) 0.599
Metastatic liver neoplasm 89 (58.6) 2143 (71.6) 0.001    88 (61.1) 420 (58.3) 0.599

Comorbid liver diagnoses
Alcoholic cirrhosis 1 (0.66) 33 (1.1) 0.908      1 (0.69) 4 (0.56) 1.000
Non-alcoholic cirrhosis 23 (15.1) 287 (9.6) 0.036    20 (13.9) 100 (13.9) 1.000
Hepatitis A 0 (0) 6 (0.2) 1.000 0 (0) 0 (0) N/A
Hepatitis B 18 (11.8) 193 (6.4) 0.015   16 (11.1) 96 (13.3) 0.556
Hepatitis C 17 (11.2) 271 (9.1) 0.457   17 (11.8) 71 (9.9) 0.580

Charlson score group1 0.518 0.704
0 76 (50) 1637 (54.7)    74 (51.4) 370 (51.4)
1 45 (29.6) 816 (27.3)    43 (29.9) 196 (27.2)
≥ 2 31 (20.4) 540 (18.0)    27 (18.8) 154 (21.4)

Provider specialty
Surgical oncology   59 (38.8) 531 (17.7) < 0.001    56 (38.9) 285 (39.6) 0.950
General surgery   79 (52.0) 1993 (66.6) < 0.001    74 (51.4) 369 (51.3) 1.000
Other 14 (9.2) 469 (15.7)    0.041  14 (9.7) 66 (9.2) 0.958

Surgeon experience
≥ 1 liver procedure in prior year 125 (82.2) 1991 (66.6) < 0.001  117 (81.3) 595 (82.6) 0.780

Nichols CI et al . Bipolar sealer for liver resection



Table 4  Length of stay, deviation mix and weighted average mean cost (propensity-matched cohorts)

Lastly, two studies have examined the combined 
use of the SCBS and CUSA. In the largest study of 
SCBS use in liver resection to date, authors at four 
hepatopancreaticobiliary units in Europe evaluated 
the safety and efficacy of combined use of SCBS plus 
CUSA during 114 minor and 199 major hepatectomies. 
Authors reported a transfusion rate of 10.5% and two 
postoperative deaths (0.6%), concluding the combined 
method is associated with decreased blood loss[9]. A 
similar Japanese study also evaluated the combined 
use of CUSA and SCBS (n = 55) vs CUSA with tradi-
tional bipolar electrosurgery (n = 54)[22]. The SCBS 
and CUSA cohort demonstrated significantly lower total 
blood loss (677 mL vs 1076 mL, P = 0.0486), shorter 
transection time (81 min vs 115 min, P = 0.0025) and 
fewer ties required (13.1 vs 22.8, P < 0.001) vs the 
traditional electrosurgery and CUSA cohort[22]. While 
the combined use of SCBS and CUSA is evaluated in 

these studies, other device combinations or techniques 
may provide equivalent outcomes at lower cost. This is 
an area for future research.

Although it was observed in the present study that 
a greater proportion of the case cohort had concurrent 
use of topical hemostats during the procedure (25.0% 
vs 17.2%, P = 0.038), it appears hemostat use was 
reserved for the most severe cases. We infer this due 
to the incidence of transfusion being greater in both 
univariate and multivariate analyses among those with 
topical hemostat use vs no use, regardless of SCBS. 
However, there is likely an unmeasured confounder 
that is not readily observed in insurance claims data 
that may have influenced surgeon selection of both 
the SCBS and a hemostat. Nonetheless, incidence of 
transfusion remained numerically lower in the case 
cohort vs controls both when topical hemostats were 
used during the procedure and when they were not.
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Table 5  Logistic regressions of predictors of topical hemostat use and transfusion

 Parameter Predictors of topical hemostat use Predictors of transfusion

Odds ratio 95%CI P  value Odds ratio 95%CI P  value
Age group (vs 18 to 44)  

75 plus 1.03 0.50-2.12  0.421 4.55  1.95-10.59 < 0.0001
Race (vs caucasian)  

Black 1.21 0.75-1.97  0.275 1.97 1.21-3.19   0.017
United States geographic region (vs northeast)  

South 3.67 2.38-5.65    0.0004 1.87 1.19-2.96   0.001
Partial hepatectomy (vs lobectomy) 1.25 0.91-1.73  0.175 1.62 1.16-2.27   0.005
Primary malignancy (vs metastatic) 0.80 0.53-1.20  0.281 1.54 1.00-2.38   0.050
Provider specialty (vs general surgery)  

Surgical oncology 0.30 0.20-0.46 < 0.0001 0.65 0.42-1.01   0.005
Other specialty 0.68 0.40-1.16  0.402 1.48 0.85-2.57   0.023

Case cohort (vs matched controls) 2.56 1.70-3.86 < 0.0001 0.44 0.27-0.71     0.0008
Topical hemostat use N/A N/A N/A 1.87 1.33-2.64     0.0004

P values were calculated with the Wilcoxon Mann-Whitney test for LOS and total hospitalization cost; and the χ 2 test for hospital deviation mix classes. 
SCBS: Saline-coupled bipolar sealer; WAMC: Weighted average mean cost.

Characteristic SCBS No SCBS P  value

Length of stay (LOS), d
mean (SD) 7.38 (5.18) 8.18 (7.27) 0.210
25th percentile 4 4
Median 6 6
75th percentile 8 8

Deviation mix, n (%)    
On course 77 (53.5) 302 (41.9) 0.013
Minor deviation 30 (20.8) 187 (26.0) 0.208
Moderate deviation 28 (19.4) 150 (20.8) 0.821
Major deviation 9 (6.3)   81 (11.3) 0.074

mean (SD) total hospital cost
On course 18000 (5746) 16813 (6588) 0.029
Minor deviation 28379 (14863) 25452 (11186) 0.454
Moderate deviation 36558 (17777) 35261 (19390) 0.571
Major deviation 45717 (19045) 49082 (35303) 0.568

WAMC total hospitalization cost $25503 $26530  
WAMC difference $1027  

Only covariates that were significant in at least on model (P < 0.05) are listed here. Full model covariates included: age group, sex, race, geographic region, 
resection type, malignancy type, diagnosis of non-alcoholic cirrhosis, hepatitis b, or hepatitis C, provider specialty, study cohort, and topical hemostat use.
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Limitations of this study center on the lack of 
detailed clinical detail in the insurance claims dataset 
used for analysis, which included only diagnosis and 
procedure codes, and items listed in the hospital 
Chargemaster. Therefore, we could not evaluate 
the number of liver segments resected, the relative 
complexity of the procedure, pre- and post-operative 
hemoglobin levels, the Hg level triggering a transfu-
sion, or number of units of blood transfused. Also, as 
noted, specific line-item costs for blood were not avail-
able for approximately two-thirds of patients. However, 
blood costs were captured in the next level roll-up of 
cost reporting under OR costs. During patient selection 
we did not attempt to query the Chargemaster file to 
evaluate concurrent devices used with the SCBS, as 
the only comparison in this study was at the highest 
level of use vs no use. Given the array of device choic-
es during hepatic resection, and the variance of names 
listed in the Chargemaster file, we did not attempt to 
compare concurrent device use. Future studies may 
address the question of device synergy in influencing 
clinical outcomes (e.g., SCBS plus CUSA). Finally, while 
we observed a reduction in the incidence of transfusion 
associated with use of SCBS in the present study, the 
SCBS is not designed to provide hemostasis in the 
event of bleeding from large vessels - thus additional 
technology or techniques to control bleeding that can-
not be accounted for may have been present.

This retrospective database analysis demonstrated 
that use of the SCBS in open partial liver resection for 
hepatic malignancy is associated with reduction in the 
need for transfusion, and is cost-effective in a devi-
ation-based cost modeling analysis. This technology 
provides an alternative solution for bleeding control in 
partial liver resection compared to traditional methods.
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transfusions are still required in a proportion of patients undergoing liver 
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Predictors of transfusion include factors related to the operative procedure as 
well as patient-specific characteristics.

Research frontiers
Prior research has demonstrated the effects of surgical technique, peri-
operative blood management protocols, and use of surgical technologies on the 
risk of transfusion. The majority of these studies examined clinical outcomes 
alone, with few examining the total cost of the procedure or incremental 
costs associated with complications. Two prior cost studies applied a novel 
methodology, deviation-based cost modeling (DBCM), however the primary 
comparison was of open vs laparoscopic approach rather than specific surgical 
technologies utilized during the procedure.

Innovations and breakthroughs
This retrospective database analysis evaluated the use of a saline-coupled 
bipolar sealer (SCBS) in open partial liver resection for hepatic malignancy. 
After matching, patients treated with the SCBS had a lower incidence of 
transfusions (18.1% vs 29.4%, P = 0.007). Controlling for topical hemostat use, 
the reduction of transfusion incidence was confirmed in multivariate analysis, 
with SCBS use associated with a lower odds of transfusion (OR = 0.44, 95%CI: 
0.27-0.71). Overall, DBCM cost analyses indicated an average cost savings 
of $1027 among cases when accounting for the proportion falling into each 
“hospital deviation” class, with significantly more patients in the SCBS cohort 
with an “on course” hospitalization (defined as no complications and a length of 
stay less than the median).

Applications
This analysis demonstrated that use of the SCBS in open partial liver resection 
for hepatic malignancy is associated with reduction in the need for transfusion, 
and is cost-effective in a deviation-based cost modeling analysis. This 
technology provides an alternative solution for bleeding control in partial liver 
resection compared to traditional electrosurgical methods.

Terminology
A DBCM approach was employed in this study. This methodology measures the 
frequency and severity of deviations from an “expected” postoperative course 
and calculates the economic consequences of hospitalizations that do not 
follow expected outcomes. The benefits of this approach are the incorporation 
of complications, length of stay, and costs into one measure, providing a single 
outcomes-based metric that provides more information than simply clinical or 
cost data alone.
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Abstract
AIM
To evaluate the prevalence of nodular lymphoid hyper-
plasia (NLH) in adult patients undergoing colonoscopy 
and its association with known diseases. 

METHODS
We selected all cases showing NLH at colonoscopy 
in a three-year timeframe, and stratified them into 
symptomatic patients with irritable bowel syndrome 
(IBS)-type symptoms or suspected inflammatory 
bowel disease (IBD), and asymptomatic individuals 
undergoing endoscopy for colorectal cancer screening. 
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Data collection included medical history and final 
diagnosis. As controls, we considered all colonoscopies 
performed for the aforementioned indications during 
the same period.

RESULTS
One thousand and one hundred fifty colonoscopies 
were selected. NLH was rare in asymptomatic in-
dividuals (only 3%), while it was significantly more 
prevalent in symptomatic cases (32%). Among organic 
conditions associated with NLH, the most frequent was 
IBD, followed by infections and diverticular disease. 
Interestingly, 31% of IBS patients presented diffuse 
colonic NLH. NLH cases shared some distinctive clinical 
features among IBS patients: they were younger, more 
often female, and had a higher frequency of abdominal 
pain, bloating, diarrhoea, unspecific inflammation, 
self-reported lactose intolerance and metal contact 
dermatitis. 

CONCLUSION
About 1/3 of patients with IBS-type symptoms or 
suspected IBD presented diffuse colonic NLH, which 
could be a marker of low-grade inflammation in a con-
spicuous subset of IBS patients.

Key words: Inflammatory bowel diseases; Functional 
gastrointestinal diseases; Irritable bowel syndrome; 
Colonoscopy; Inflammation

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This study sheds light on colonic nodular 
lymphoid hyperplasia (NLH) in terms of prevalence, 
gender-distribution and association with known 
diseases. Our most relevant result is the identification 
of NLH as a putative marker of low-grade inflammation 
in a conspicuous subset of irritable bowel syndrome 
(IBS) cases. Further studies are required to understand 
the etiopathogenetic mechanisms underlying NLH in 
IBS, its association with metal contact allergies and its 
clinical implications.

Piscaglia AC, Laterza L, Cesario V, Gerardi V, Landi R, Lopetuso 
LR, Calò G, Fabbretti G, Brisigotti M, Stefanelli ML, Gasbarrini 
A. Nodular lymphoid hyperplasia: A marker of low-grade 
inflammation in irritable bowel syndrome? World J Gastroenterol 
2016; 22(46): 10198-10209  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i46/10198.htm  DOI: http://
dx.doi.org/10.3748/wjg.v22.i46.10198

INTRODUCTION
Colonoscopy allows direct visualization of the mucosa 
of the lower gastrointestinal tract and it is a useful 
tool to investigate symptoms of lower bowel diseases. 
However, there are conditions in which symptomatic 

patients might have a normal colon appearance on 
colonoscopy, although their intestinal mucosa shows 
signs of microscopic inflammation at histological 
examination[1]. In the last years, the introduction of 
advanced imaging techniques has ameliorated the 
characterization of mucosal lesions and has permitted 
to detect minimal mucosal changes that might be 
missed with standard white-light (WL) colonoscopy[2]. 
Among such techniques, narrow band imaging (NBI) 
uses optical filters in front of the light source, to 
narrow the wavelength of the projected light, to enable 
visualization of micro-vessel morphological changes 
and to enhance the visibility of both neoplastic and 
inflammatory mucosal lesions[3,4].

In our daily practice, we have noted that some 
patients undergoing colonoscopy showed multiple 
slightly raised whitish areas, usually < 5 mm in dia-
meter, closely spaced, difficult to see at WL endoscopy 
and easier to recognize with NBI. When biopsied, 
these areas always corresponded to clusters of ≤ 10 
lymphoid nodules, composed of hyperplastic benign 
lymphoid tissue, named “nodular lymphoid hyperplasia” 
(NLH)[5-9]. Sometimes NLH had a reddish outline, the so-
called “red ring sign” (RRS), due to hypervascularization 
at the base of the follicles, associated with granulocyte 
infiltrate[6]. 

Little is known about the epidemiology, patho-
genesis, and clinical implications of NLH. NLH is 
commonly seen in the terminal ileum and colon during 
paediatric endoscopies, and it has been classically 
considered a paraphysiologic phenomenon in children[10]. 
However, there have been reports of NLH in children 
associated with refractory constipation, viral infection, 
juvenile idiopathic arthritis, connective tissue disease, 
immunodeficiency, cow’s milk protein hypersensitivity, 
familial mediterranean fever, and the so-called “autistic 
enterocolitis”[9,11-18]. 

In adults, NLH can be asymptomatic, or more 
rarely presents with gastrointestinal symptoms, like 
abdominal pain, chronic diarrhoea, and bleeding[18]. 
NLH can mimic familial polyposis[19,20] and it has been 
reported in association with inflammatory bowel disease 
(IBD), celiac disease (CeD), lymphoma, dysgamma-
globulinemia, Ehlers-Danlos syndrome, diversion colitis 
and food allergies[21-28].

Adult NLH is considered a rare finding[29]. Published 
literature includes case reports and small series of 
patients; whether this relates to endoscopy under-
reporting or to the true rarity of the condition is 
unclear[30]. Indeed, NLH frequency in adults might be 
largely underestimated because it is hard to recognize 
at WL endoscopy. Kagueyama et al[31], demonstrated 
that 39% of adult patients with chronic diarrhoea 
and a normal colonoscopy had NLH at histological 
examination of serial biopsies taken from the termi-
nal ileum, ascending colon and rectum. In 2010, 
Krauss et al[6] evaluated the significance of lymphoid 
hyperplasia in the lower gastrointestinal tract in a cohort 
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of consecutive adult patients and concluded that the 
presence of colonic NLH is not rare and it may represent 
a mucosal response to antigenic stimulation, like 
allergens or pathogens. 

Most of the NLH cases that we have found in our 
daily practice, underwent colonoscopy for irritable bowel 
syndrome (IBS)-type symptoms, or suspected IBD, 
while a minority of them was asymptomatic. Based on 
this clinical observation, the aim of the present study is 
to evaluate the prevalence of NLH in adults undergoing 
colonoscopy in San Marino Republic, and its association 
with known diseases.

MATERIALS AND METHODS
Patients
We evaluated all colonoscopies performed by a single 
endoscopist (ACP) from January 2012 to January 
2015, at the Endoscopy Unit of the State Hospital of 
San Marino Republic. 

We selected all cases showing lesions compatible 
with NLH, for which biopsies from multiple sites (ileum, 
ascending, transverse, sigmoid colon, and rectum) 
were taken. NLH cases were divided into two groups: 
asymptomatic subjects (a-NLH), who underwent 
colonoscopy for colorectal cancer screening or family 
history of colorectal cancer; and symptomatic patients 
(s-NLH), in which colonoscopy was prescribed for IBS-
type symptoms (abdominal pain and/or altered bowel 
habits in the absence of alarm signs or symptoms) or 
suspected IBD [abdominal pain and/or altered bowel 
habits with haematochezia and/or weight loss and/or 
positive family history of IBD and/or fever and/or 
increased faecal calprotectin and/or C-reactive protein, 
and/or anaemia]. Symptomatic patients were further 
divided according to their final diagnosis into organic 
and functional bowel disorders; the latter subset 
was stratified into IBS [with prevalent diarrhoea 
(IBS-D), or constipation (IBS-C), or mixed bowel habit 
(IBS-M)], chronic functional diarrhoea and chronic 
constipation[32]. 

In order to measure the prevalence of NLH in 
asymptomatic subjects and symptomatic patients, we 
considered all colonoscopies performed by the same 
endoscopist for the same clinical indications (colorectal 
cancer screening, IBS-type symptoms, suspected 
IBD), in the same timeframe (January 2012 to January 
2015). 

In case of repeated colonoscopies on the same 
patient, only the first examination was included in 
the analysis. Other exclusion criteria were incomplete 
exam, poor bowel preparation, patient’s age < 18 or 
> 75 years, history of colon surgery, prior diagnosis of 
colorectal cancer, IBD, or CeD.

The study protocol was approved by the local Ethical 
Committee and conformed to the ethical guidelines of 
the Declaration of Helsinki (2013).

Data collection: Endoscopy, histology, clinical 
characteristics and inflammation biomarkers
All colonoscopies were performed under deep sedation 
with Midazolam and Propofol, with anaesthesiologist’s 
assistance. For bowel preparation, all patients received 
low-volume polyethylenglycol-based medication (Lovol 
Esse®). NLH was macroscopically evaluated using 
Olympus endoscopes CF-HQ190 (for EVIS EXERA III 
Video System Center CV-190) or CF-Q180A (for EXERA 
II Video System Center CV-180), in white light and NBI. 

Biopsies were fixed in formalin and embedded in 
paraffin. Four-µm tissue sections were stained with 
haematoxylin and eosin and evaluated by two expert 
pathologists (Fabbretti G, Brisigotti M). Each tissue 
section was observed on light microscopy using × 20 
objective lenses and × 10 eyepiece.

We reviewed patients’ charts to investigate about 
bowel habits, self-reported lactose intolerance, metal 
contact dermatitis, histological confirmation of NLH 
and final diagnosis. 

Statistical analysis
Data were collected in an Excel database. Summary 
statistics were calculated for each outcome of interest. 
Continuous data were summarized with mean and 
standard deviation, while categorical data were 
summarized with frequency distributions. We used 
t-test and χ2 test to compare patients’ subgroups. A P 
value < 0.05 was considered statistically significant. 
Data analysis was generated using Microsoft Excel 
software (Microsoft Corporation, Redmond, WA, United 
States) and Real Statistics Resource Pack software 
(Release 3.5; Copyright 2013-2015 Charles Zaiontz; 
www.real-statistics.com).

RESULTS
Figure 1 summarizes the study design. 2226 colono-
scopies were assessed for eligibility. Of those, 1076 
met the exclusion criteria and were ruled out. NLH 
was observed in 124 of the 1150 cases under analysis 
(global NLH prevalence about 10%). Of note, NLH was 
found in 101 of 315 symptomatic patients (32%) and 
in only 23 of 835 asymptomatic subjects (3%). 

Symptomatic patients
The main symptomatic patients’ characteristics are 
summarized in Table 1. Collectively, out of 315 sym-
ptomatic patients, 110 were diagnosed with organic 
disorders (35%), whereas the remaining 65% had 
functional disease. NLH was found in 32% of symp-
tomatic patients and it was always histologically 
confirmed (Figure 2). NLH was equally distributed 
among organic (34%) and functional (31%) conditions. 

Symptomatic patients with NLH
In most symptomatic patients with NLH (s-NLH) cases, 
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2226 Colonoscopies were assessed for eligibility

1150 patients were included in 
the analysis

Exclusion criteria: incomplete exam
repeated exam, poor bowel
preparation, previous colon surgery,
colorectal cancer, IBD, CeD

non-NLH cases: 1026NLH cases: 124

Symptomatic
(s-no-NLH): 214

Asymptomatic
(a-NLH): 812

Asymptomatic
(a-NLH): 23

Symptomatic
(s-NLH): 101

Figure 1  Study design. NLH: Nodular lymphoid hyperplasia; s-no-NLH: Symptomatic patients without NLH; a-NLH: Asymptomatic subjects; s-NLH: Patients with 
nodular lymphoid hyperplasia; IBD: Inflammatory bowel disease; CeD: Celiac disease.

Piscaglia AC et al . Nodular lymphoid hyperplasia in IBS

A B C

G H

D E F

Figure 2  Endoscopic and histological features of nodular lymphoid hyperplasia. A-F: Three typical cases of nodular lymphoid hyperplasia (NLH), as observed 
at white light (WL) standard endoscopy (A-C) and narrow band imaging (NBI) endoscopy (D-F), respectively. NLH appear as slightly raised whitish areas, usually < 
5 mm in diameter, closely spaced, difficult to recognize at WL, and easier to observe by NBI; G and H: Show the histological appearance of NLH (hematoxylin-eosin 
staining), as clusters of ≤ 10 lymphoid nodules, composed of hyperplastic benign lymphoid tissue.
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(hyperaemia, erosions and ulcers) and biopsies 
were taken; none of the samples exhibited NLH at 
histological examination. Colon polyps were found and 
removed in 45% of s-no-NLH patients. 

Regarding the final diagnosis, 34% of s-no-NLH 
patients were affected by organic diseases, while the 
remaining 66% had a functional condition (Figure 5). 

In particular, among patients with organic disorders, 
we found 5 cases of IBD (1 UC and 4 CD); 2 infectious 
colitis; 55 diverticular diseases; 12 abdominal 
adhesions; 3 colorectal cancers. Among patients with 
functional disorders, 80% fulfilled Rome III criteria 
for IBS, mostly IBS-C or IBS-M. No differences were 
found in terms of distribution of self-reported lactose 

Figure 3  Final diagnosis for symptomatic patients with nodular lymphoid hyperplasia. Patients with nodular lymphoid hyperplasia (s-NLH) patients were 
divided into organic and functional bowel disorders; the latter subset was further stratified into IBS with prevalent diarrhoea (IBS-D), or constipation (IBS-C), or mixed 
bowel habit (IBS-M), chronic functional diarrhoea, and chronic constipation, according to the Roma III criteria. Among organic conditions associated with NLH, the 
most frequent was IBD, followed by infections and diverticular disease. IBS: Irritable bowel syndrome; IBD: Inflammatory bowel disease.

43%

24%
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Other
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Figure 4  Endoscopic features of nodular lymphoid hyperplasia with red ring sign, due to hypervascularization at the base of the follicles, associated with 
granulocyte infiltrate. A and B: A typical case of nodular lymphoid hyperplasia (NLH) with red ring sign (RRS) and diffuse macroscopic inflammation, in white light (WL) 
and narrow band imaging (NBI), respectively: RRS appears as a red (WL) or brown (NBI) outline surrounding NLH foci; C and D: A particular of two NLH foci with 
RRS, in WL and NBI, respectively (black and white arrows).
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intolerance and contact dermatitis between s-no-
NLH patients with organic and functional conditions. 
Noteworthy, we found a statistically significant di-
fference in mean age, being patients with organic 
disorders older than those with functional conditions. 
On the contrary, no difference for sex distribution 
was noted between the two subsets. Patients with 
functional disorders showed less frequently bloating 
and macroscopic inflammation at endoscopy. 

Comparison between symptomatic patients with and 
without NLH
Patients with NLH were significantly younger, had 
more often diarrhoea and bloating and less frequently 
constipation and colonic polyps vs patients without 
NLH. Moreover, NLH patients reported more frequently 

metal contact dermatitis and lactose intolerance vs 
patients without NLH, regardless the final diagnosis 
of functional or organic disorders. Stratifying all sym-
ptomatic subjects according to the final diagnosis, 
among those diagnosed with functional conditions, 
patients showing NLH were younger, more often 
female, and had a higher frequency of abdominal 
pain, bloating, diarrhoea, inflammation, metal contact 
dermatitis and self-reported lactose intolerance; on 
the contrary, they showed less frequently constipation, 
haematochezia, mixed bowel habits and colon polyps, 
compared with patients without NLH. Among patients 
with organic diseases, those showing NLH were also 
significantly younger, had more often diarrhoea, contact 
dermatitis and lactose intolerance, less frequently 
constipation and fewer polyps. No differences were 
noted for sex, abdominal pain, bloating, endoscopic 
signs of inflammation or haematochezia. Finally, NLH 
patients with organic conditions were more often 
diagnosed with IBD and infections, while those without 
NLH had a higher frequency of diverticular disease and 
abdominal adhesions; no differences were noted for 
colorectal cancer frequency (Table 2). We did not found 
a statistically significant difference in terms of clinical 
or endoscopic disease activity between IBD patients 
with or without NLH.

Asymptomatic subjects
Among the 835 individuals who underwent colonoscopy 
for colorectal cancer screening, 23 had NLH. Thus, 
the prevalence of NLH in asymptomatic adults was 
significantly lower compared to the frequency of NLH 

IBS-M
46%
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20%

0% 20
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40
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60
%
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Parasitic infection

80
%

3%
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7%

16%

70%
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34%
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IBS
53%

Organic
disorders

34%

Figure 5  Final diagnosis for symptomatic patients without nodular lymphoid hyperplasia. IBS: Irritable bowel syndrome; IBS-M: IBS mixed bowel habit; IBS-C: 
IBS with prevalent constipation; IBS-D: IBS with prevalent diarrhoea; IBD: Inflammatory bowel disease.

Table 2  Final diagnosis in symptomatic patients with organic 
disorders 

Organic disorders s-no-NLH s-NLH P value

Diverticular disease 70% 19% < 0.05
Colon cancer   4%   3% NS
Infections   3% 24% < 0.05
IBD   7% 43% < 0.05
Abdominal adhesions 16%   0% < 0.05
Others   0% 12% < 0.05

No-NLH: Patients without evidence of nodular lymphoid hyperplasia; 
NLH: Patients with evidence of nodular lymphoid hyperplasia; IBD: 
Inflammatory bowel disease; NS: Not significant. The last column enlists 
the P value obtained from the comparison between no-NLH and NLH 
cases, by means of t-test.
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in symptomatic patients (3% vs 32%, P < 0.05). 
Most a-NLH patients were female (78%), with a 

mean age of 57 ± 9 years. NLH was mainly diffuse in 
all colonic segments (87%) and only 1 case showed 
involvement of the terminal ileum. Polyps were detected 
and removed in 48% of patients. A mild asymptomatic 
diverticular disease was observed in 35% of cases; 
in only 2 patients with diverticula we noted signs of 
macroscopic inflammation. Metal contact dermatitis 
was reported by 44% of a-NLH. One of the cases 
complained of lactose intolerance. Comparing the 
a-NLH group with the remaining 812 asymptomatic 
individuals who underwent screening colonoscopy 
and did not show NLH (a-no-NLH), the latter ones 
were older (mean age 61 ±  9 years, P <  0.05), 
more frequently male (female 43%, P <  0.05) and 
had a statistically significant lower prevalence of self-
reported contact dermatitis (5%, P <  0.05). The polyp 
detection rate did not significantly differ between the 
two groups (48% vs 64%, P > 0.05). 

DISCUSSION
The present study assessed the frequency and gender 
distribution of colonic NLH, observed at WL and NBI 
endoscopy and histologically confirmed, in adults 
undergoing colonoscopy in a three-year period. The 
association between NLH and known diseases was also 
investigated. 

The global prevalence of NLH was 10%. NLH was 
rare in asymptomatic subjects (3%). In particular, NLH 
was found mostly in asymptomatic women, who were 
younger than the relative control population and more 
often reported metal contact dermatitis. Conversely, 
NLH was a frequent finding in symptomatic patients, 
undergoing colonoscopy for IBS-type symptoms or 
suspected IBD (32%). Also among the symptomatic 
patients’ group, NLH was more frequent in young 
women, who often complained of metal contact allergies 
and lactose intolerance. As for clinical presentation, 
diarrhoea and bloating were more common, while 
constipation was rarer in NLH vs no-NLH patients. 
Diverticular disease and abdominal adhesions were 
more frequent in no-NLH cases, while NLH patients 
more often suffered from IBD or colonic infections and 
had fewer polyps, likely because of the younger age at 
presentation. 

Overall, our results demonstrate that NLH of the 
lower gastrointestinal tract is a common endoscopic 
finding in symptomatic patients, in whom it might 
reflect a state of enhanced immunological activity. 
Indeed, it has been postulated that lymphoid hyper-
plasia results from a chronic activation of the gut 
immune system by antigenic triggers (i.e., allergens, 
pathogens, toxins), that lead to repetitive stimulation 
and eventual hyperplasia of lymphoid follicles. NLH 
might also develop in conditions of deregulation of the 
immune system, like in autoimmune diseases[17] or in 

immunodeficient subjects[18].
The association between food allergies and NLH 

has been already documented[12,33,34]. Conversely, to 
the best of our knowledge, there are no published 
data on the relationship between NLH and allergic 
contact allergy. Metal allergens, notably Ni, account 
for a significant proportion of contact sensitization[35]. 
It has been reported that about 15% of women and 
2%-3% of men living in industrialized countries are Ni 
sensitive and may develop allergic contact dermatitis 
(ACD), a T cell-mediated inflammatory process of the 
skin induced by cutaneous absorption of an allergen 
in a previously sensitized individual. This gender 
difference is due to different rates of exposure of skin 
(from jewellery, leathers, etc.) to this substance. About 
20%-30% of ACD patients also experiences systemic 
(headache, asthenia, itching), and gastrointestinal 
(bloating, abdominal pain, diarrhoea) symptoms 
after eating Ni-rich foods. This condition is known 
as “Systemic Contact Dermatitis” or “Systemic Ni 
Allergy Syndrome” (SNAS)[36]. Di Gioacchino et al[37], 
demonstrated that oral challenge with Ni, in women 
with SNAS, stimulates the immune system, inducing a 
maturation of T lymphocytes from virgin into memory 
cells, which accumulate in the intestinal mucosa. An 
increased frequency of delayed type hypersensitivity to 
metals has been reported in patients with connective 
tissue disease and fibromyalgia and it has been 
speculated that metal-specific T cell reactivity might 
be an etiological factor in the development of chronic 
immune-mediated disorders[38,39]. Noteworthy, Cazzato 
et al[40] demonstrated a higher prevalence of lactose 
intolerance in patients affected by SNAS vs controls 
(74.7% vs 6.6%, respectively); the authors argued 
that the Ni-induced pro-inflammatory status could 
temporary impair the brush border enzymatic functions, 
resulting in hypolactasia. 

In our study, we observed a very high frequency 
of self-reported lactose intolerance and metal contact 
dermatitis in NLH patients. We can suppose that metal 
allergens might play a pivotal role in the development 
of lymphoid hyperplasia and hypolactasia. This could 
also account for the higher observed prevalence of 
NLH in women, given the increased frequency of Ni-
sensitivity in female vs male sex.

Another interesting result of our study is the 
association between NLH and IBD. It is well known 
that IBD are characterised by an abnormal immuno-
logical response to environmental antigens, especially 
the enteric bacterial flora, in genetically susceptible 
individuals. Lymphoid follicles represent the main 
portal of entry for potential pathogens, and it has 
been suggested that aphthous ulceration in CD and 
UC originates in follicle-associated epithelium over the 
lymphoid follicles. In 2010, Krauss et al[6], compared 
the morphology of lymphoid follicles in CD, UC and 
control patients, in correlation to histological and 
immunohistochemical findings. In 15 out of 17 patients 
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with the first manifestation of CD, they documented 
NLH with RRS. In some NLH with RRS early aphthous 
ulcers were seen. The authors concluded that lymphoid 
follicles with RRS probably represent an early sign of 
aphthous ulcers in CD and, thus, may be considered as 
early markers of first manifestation and flares in CD. 

In our study, 43% of s-NLH were diagnosed as 
affected from IBD. Interestingly, in most cases of IBD, 
NLH was associated with RRS.

Finally, we observed for the first time an asso-
ciation between NLH and IBS[41]. Even if multiple 
advances have been made in the knowledge of IBS 
pathogenesis, its aetiology remains unknown. Probably, 
IBS is an “umbrella term”, which includes multiple 
conditions with common gastrointestinal symptoms, 
but different etiopathogenesis. Among the putative 
factors involved in the development of IBS, low-grade 
inflammation has raised growing interest in the last 
years. Indeed, IBS is more common in gastrointestinal 
diseases characterized by inflammation, such as 
CeD, IBD or after severe acute gastroenteritis[42-44]. 
Mucosal and systemic immune activation has been 
widely documented in patients with IBS, even in the 
absence of a previous major gastroenteritis event[45]. 
Mucosal inflammation is linked to increased mucosal 
permeability, enterochromaffin cell hyperplasia and 
higher tissue availability of serotonin, a key factor 
involved in the control of gut sensorimotor functions[46-48]. 
Furthermore, the possible link between low-grade 
inflammation and IBS has been suggested by the 
observation that adoptive transfer of mucosal biopsy 

supernatants evoked activation of sensory pain 
pathways[49,50] and abnormal enteric nervous system 
responses in recipient rodents[51]. Interestingly, these 
responses were reduced to a large extent by anta-
gonism of immune-related factors[49-52]. The origin of 
low-grade inflammation in patients with IBS remains 
undetermined, but it is likely to be multifactorial, in-
volving genetic predisposition[53,54], stress[55], atopy[56], 
abnormal intestinal microbiota[57], and higher mucosal 
permeability[46]. These data confirm the heterogeneity 
of IBS patients and point toward the necessity to find 
an objective biomarker of low-grade inflammation, to 
select those patients who could benefit most from anti-
inflammatory therapy. 

Our results suggest that NLH could be such a 
marker of low-grade inflammation in a conspicuous 
subset of IBS cases, in which a “minimal lesions 
colitis” (MLC) characterized by diffuse colonic NLH 
can be found. Notably, patients with NLH have some 
distinctive features within the IBS population: they 
are younger, more often female, and have a higher 
frequency of metal contact dermatitis, abdominal 
pain, bloating, diarrhoea, and unspecific inflammation. 
Moreover, 19% of patients with MLC had NLH associated 
with RRS; we might speculate that in these cases MLC 
could share common features with IBD.

Our work presents some limitations. Firstly, 
since this is a retrospective study, the asymptomatic 
population is not matched with the symptomatic 
population, because people undergoing colonoscopy 
for screening purposes are more often male and 
older, compared to patients with IBS-like symptoms 
or suspected IBD, who showed a higher prevalence of 
female and younger people. Moreover, we collected 
information about metal contact allergies and lactose 
intolerance from patients’ charts; such data were 
not available for all cases. Additionally, regarding the 
association between NLH and metal contact dermatitis, 
only a minority of subjects had performed patch tests 
and therefore we based our analysis on self-reported 
history of delayed hypersensitivity reactions to metals. 
Finally, only a minority of non-NLH patients underwent 
biopsy sampling during colonoscopy, while in most 
cases NLH was excluded on the base of endoscopic 
findings.

In conclusion, colonic NLH is rare in asymptomatic 
subjects, while it is a frequent finding in symptomatic 
patients, in whom it might reflect a state of enhanced 
immunological activity. We can speculate that colonic 
NLH represents an objective biomarker of low-grade 
inflammation in a subset of IBS patients, which might 
be triggered by metal contact reactions; moreover, 
colonic NLH with RRS might share common features 
with IBD, supporting the hypothesis that IBS and IBD 
might be part of the spectrum of the same disease 
(Figure 6). 

Further studies are required to understand the 
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Figure 6  Colonic nodular lymphoid hyperplasia in symptomatic patients 
constitutes a “minimal lesions colitis” that might be triggered by 
Nickel or other factors (such as immunodeficiency states, infections, 
hypersensitivity reactions, chronic constipation). We speculate that minimal 
lesions colitis (MLC) could represent a distinct pathologic entity in a subset 
of irritable bowel syndrome (IBS) and systemic Ni allergy syndrome (SNAS) 
patients, and it might prelude to the development of inflammatory bowel disease 
(IBD).
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etiopathogenetic mechanisms underlying colonic NLH in 
organic and functional conditions, its clinical implications 
and its possible link with IBD.

COMMENTS
Background
Colonic nodular lymphoid hyperplasia (NLH) is considered a rare finding in 
adults. NLH can be asymptomatic or more rarely presents with gastrointestinal 
symptoms, like abdominal pain, chronic diarrhoea and bleeding and it has been 
reported in association with inflammatory bowel disease (IBD), celiac disease, 
lymphoma, dysgammaglobulinemia, Ehlers-Danlos syndrome, diversion colitis 
and food allergies.

Research frontiers
Published literature includes case reports and small series of patients; whether 
this relates to endoscopy underreporting or to the true rarity of the condition is 
unclear.

Innovations and breakthroughs
This study sheds light on colonic NLH in adults, in terms of prevalence, gender-
distribution and association with known diseases. The most relevant result 
of our study is the identification of NLH as a putative marker of low-grade 
inflammation in a subset of irritable bowel syndrome (IBS) cases. 

Applications
Diffuse colonic NLH could be a marker of low-grade inflammation in a 
conspicuous subset of IBS patients and could constitute a link between a 
subset of IBS cases and IBD. 

Peer-review
The authors conclude that colonic NLH could be a marker of low-grade 
inflammation in a subset of patients with IBS. The point of view is interesting.
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Abstract
AIM
To investigate the efficacy of switching to pegylated 
interferon-α-2a (PegIFNα-2a) treatment in nucleos(t)ide 
analog (NA)-treated chronic hepatitis B (CHB) responder 
patients. 

METHODS
A 48-wk prospective and retrospective treatment trial 
of NA-treated CHB patients who had received entecavir 
(ETV) for at least 48 wk and had serum hepatitis B 
virus (HBV)-DNA < 500 IU/mL, serum hepatitis B 
envelope antigen (HBeAg) < 100 S/CO, serum alanine 
aminotransferase, and aspartate aminotransferase 
levels < 2 × the upper limit of normal of 40 IU/L was 
performed. The effects on virological and serological 
responses and adverse reactions to 0.5 mg daily ETV 
for 48 wk vs  switching to PegIFNα-2a were compared. 
Forty-four patients were randomized to be switched 
from NA treatment to the PegIFNα-2a group, and 44 
patients were simultaneously randomized to the ETV 
group. 

RESULTS
After 48 wk of therapy, the decrease in hepatitis B 
surface antigen (HBsAg) levels was greater in the 
PegIFNα-2a group than in the ETV group (3.1340 log10 
IU/mL vs  3.6950 log10 IU/mL, P  = 0.00). Seven patients 
who were anti-HBs-positive at baseline achieved HBsAg 
loss when switched to PegIFNα-2a (15.91% vs  0%, 
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P  = 0.018). The HBeAg serological conversion rate 
was higher in the PegIFNα-2a group than in the ETV 
group; however, the difference was not significant 
because of the small sample sizes (34.38% vs  21.88%, 
P  = 0.232). In the PegIFNα-2a group, patients with 
HBsAg levels < 1500 IU/mL at baseline had higher 
HBeAg seroconversion and HBsAg loss rates at week 
48 than those with HBsAg levels ≥ 1500 IU/mL 
(HBeAg seroconversion: 17.86% vs  62.5%, P  = 0.007; 
HBsAg loss: 41.67% vs  6.25%, P  = 0.016). Moreover, 
patients with HBsAg levels < 1500 IU/mL at week 24 
had higher HBsAg loss rates after therapy than those 
with HBsAg levels ≥ 1500 IU/mL (36.84% vs  0%, P  = 
0.004). However, there were no statistically significant 
differences in HBeAg seroconversion rates (47.06% vs  
25.93%, P  = 0.266). 

CONCLUSION
NA-treated CHB patients switched to sequential 
PegIFNα-2a achieved highly potent treatment ter-
mination safely. 

Key words: Chronic hepatitis B; Entecavir; pegylated 
interferon-α-2a; Sequential therapy; Effect

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: It is necessary to achieve termination 
safely with minimal risk of long-term resistance in 
nucleos(t)ide analog (NA)-treated chronic hepatitis B 
(CHB) patients. We studied NA-treated CHB patients 
who stopped NAs safely and achieved sustained 
virological and immunological responses after treatment. 
We clarified the efficacy and safety of sequential 48-wk 
pegylated interferon-α-2a (PegIFNα-2a) in NA-treated 
CHB patients during and after treatment termination. 
Patients were selected based on the initial serum 
hepatitis B surface antigen (HBsAg) level. PegIFNα-
2a was adjusted based on HBsAg levels at 24 wk 
of treatment, an important and significant factor in 
achieving treatment termination safely with immune 
control.

He LT, Ye XG, Zhou XY. Effect of switching from treatment 
with nucleos(t)ide analogues to pegylated interferon α-2a on 
virological and serological response in chronic hepatitis B 
patients. World J Gastroenterol 2016; 22(46): 10210-10218  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i46/10210.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.
i46.10210

INTRODUCTION
Hepatitis B virus (HBV) infection is a significant clinical 
problem globally: it is estimated that approximately 
240 million individuals are chronically infected with 
HBV worldwide[1]. The prevalence of HBV varies 

markedly among regions. China is an intermediate 
endemic area. According to a national epidemiological 
survey in China in 2006, among those aged 1-59 
years, 7.18% are hepatitis B surface antigen (HBsAg)-
positive[2]. There are approximately 100 million 
individuals living with chronic hepatitis B (CHB) virus 
infection in China, including approximately 2 million 
patients. Approximately 20%-30% of chronically 
infected persons will develop cirrhosis and/or 
hepatocellular carcinoma (HCC). The World Health 
Organization (WHO) estimates that 0.65 million 
deaths annually are attributable to complications from 
hepatitis B, including cirrhosis and HCC, which are 
strongly associated with hepatitis B envelope antigen 
(HBeAg) positivity and serum HBV DNA replication[1]. 
Additionally, patients who are persistently HBeAg-
positive are at higher risk of developing liver cirrhosis 
(3.5% per year)[1]. Therefore, standardized antiviral 
treatment is required to improve the prognosis of CHB. 
Current anti-HBV drugs are divided into two types. One 
of these is nucleoside analogs (NAs), a large class of 
direct antiviral drugs. In clinical practice, the duration 
of treatment of CHB with NAs is unclear. The role of 
NAs is to inhibit replication of the HBV DNA and reduce 
the amount of HBV in the blood to achieve therapeutic 
improvement. However, NAs have a single target 
and replace the nucleoside during HBV polymerase 
extension, resulting in termination of chain extension 
during the viral replication process, thus inhibiting viral 
replication[3,4]. Therefore, treatment with NAs greatly 
inhibits viral replication and relieves inflammation but 
does not eliminate the virus completely nor produces 
enduring HBeAg seroconversion or HBsAg clearance. 
Most importantly, NAs almost always produce drug 
resistance and relapse after discontinuation of 
therapy. Therefore, to reduce the risk of liver function 
decompensation, liver cirrhosis and HCC progression 
in patients with hepatitis B, a long-term antiviral 
treatment to inhibit HBV is required.

NAs are used widely (about 90%) in CHB 
treatment in China. However, not all patients are 
willing to continue taking NAs continuously, despite 
concerns regarding relapse after treatment, and hope 
to be able to stop taking the medicine safely. Realizing 
these hopes represents a tremendous challenge for 
NA-treated CHB patients. 

Interferon (IFN) is another type of drug that has 
antiviral activity and acts as an immune regulator by 
inducing host cytokines to inhibit multiple aspects 
of viral replication. The European Association for 
the Study of the Liver (EASL)[5] has indicated that 
IFN therapy is the preferred treatment option for 
HBeAg-positive patients who achieve stable HBeAg 
seroconversion and for HBeAg-negative patients 
who achieve sustained response after therapy. An 
advantage of IFN is that the duration of IFN anti-HBV 
treatment has a clear treatment course, which is widely 
used for the clinical treatment of CHB. Therefore, 
recent research has focused on a combination therapy 
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of IFN and NAs to exploit the antiviral and immune 
regulation effects of these drugs. The combination of 
NAs with IFN improves interferon tolerance, inhibits 
covalently closed circular DNA (cccDNA) transcription, 
improves the initial response rate, prevents or delays 
the generation of NA-resistant mutations and prevents 
the generation of multidrug-resistant mutations[6]. 
Therefore, a clinical treatment regimen with a shorter 
course that allows CHB patients to stop NA treatment 
safely might be feasible. To ensure that CHB patients 
who were treated with NAs can safely stop taking NAs 
and obtain lasting immune control, the Expert Meeting 
of China in 2013[7] suggested that CHB patients 
treated with NAs should switch to pegylated interferon 
(Peg-IFN) or pursue a combined treatment. NA-treated 
CHB patients who switch to IFN have been reported 
to achieve higher rates of sustained virological and 
serological responses than those continuing with 
NA monotherapy[8,9]. However, supporting medical 
evidence from clinical trials or clinical, real-life data are 
lacking.

To help NA-treated CHB patients stop NAs safely 
and achieve sustained virological and immunological 
responses after treatment, we investigated the efficacy 
and safety of switching NA-treated CHB patients 
to sequential 48-wk PegIFNα-2a by observing the 
virological response, HBsAg or HBeAg seroconversion 
rates, and other indicators.

MATERIALS AND METHODS
Study population 
This study was a 48-wk prospective and retrospective 
treatment trial comparing the efficacy and safety of 0.5 
mg entecavir (ETV, Baraclude, Bristol-Myers Squibb) 
daily for 48 wk compared to switching to pegylated 
interferon alpha-2a (PegIFNα-2a, F. Hoffmann-La 
Roche Ltd, Basel, Switzerland). All patents were 
followed up for 24 wk (Figure 1). Patients assigned 
to PegIFNα-2a received 180 µg/wk for 48 wk, with 
the first 12 wk overlapping with 0.5 mg daily ETV. 
Patients assigned to the ETV group continued with ETV 
monotherapy. A total of 88 patients who had received 

ETV treatment for at least 48 wk were recruited from 
the Second Hospital affiliated with Guangzhou Medical 
University between January 1, 2013, and December 
31, 2015. Patients were randomized to receive 
PegIFNα-2a 180 µg/wk or continue 0.5 mg daily ETV 
for 48 wk. Eligible patients were HBsAg-positive, had 
serum HBV-DNA < 500 IU/mL, serum HBeAg < 100 
S/CO, and serum alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) levels < 2 × the 
upper limit of normal (ULN) of 40 IU/L. Patients with 
decompensated cirrhosis and HCC were excluded; as 
were patients co-infected with hepatitis A, C, or D; 
those who had been pre-treated with other antivirals; 
and patients with a history or evidence of other chronic 
liver diseases, including autoimmune hepatitis or 
alcohol liver disease.

Curative effect
HBeAg seroconversion was defined as HBeAg loss 
(HBeAg < 1.0 S/CO) and HBeAb positivity (HBeAb > 
1.0 S/CO). HBsAg loss was defined as HBsAg < 0.05 
IU/L. HBsAg seroconversion was defined as HBsAg loss 
and HBsAb positivity (HBsAb >10.0 IU/L).

Observation methods
Clinical examination and routine laboratory tests were 
performed at the beginning of therapy, at 4, 8, 12, 24, 
36, and 48 wk during antiviral therapy and at follow-
up at 12 and 24 wk after therapy. Biochemical [serum 
AST, ALT, creatinine (Cr), and glucose (Glu)] and 
virological parameters (HBeAg, HBAb, HBcAb status 
and HBV DNA levels) were measured at each visit. 
Serum HBV DNA was detected using either a standard 
generic HBV DNA assay (Da An Gene, normal level of 
HBV DNA < 500 IU/mL) or the COBAS TaqMan HBV 
Test (Roche Molecular Diagnostics, Pleasanton, CA, 
United States). HBeAg, HBeAb, HBcAb status was 
detected using chemiluminescence measurements. 
The laboratory technicians were unaware of the trial. 
The PegIFNα-2a group was divided into an HBsAg 
< 1500 IU/mL group and an HBsAg ≥ 1500 IU/mL 
group based on the HBsAg level at baseline and after 
24 wk of therapy.

10212 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

He LT et al . Switching to PegIFNα-2a in NA-treated CHB patients

Figure 1  Trial design. HBV: Hepatitis B virus; CHB: Chronic hepatitis B; HBeAg: Hepatitis B envelope antigen; ULN: Upper limit of normal; ALT: Alanine 
aminotransferase; PegIFNα-2a: Pegylated interferon-α-2a; ETV: Entecavir; Qd: Quaque die; Po: Peros.
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Table 1  Patient demographics and baseline characteristics

α = 0.05. 1Non-parametric Wilcoxon test; 2Pearson’s χ 2 test. ALT: Alanine aminotransferase; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B 
envelope antigen; PegIFNα-2a: Pegylated interferon-α-2a; ETV: Entecavir.

Table 2  Patient demographics after 48 wk of therapy

α = 0.05. 1Non-parametric Wilcoxon test; 2Pearson’s χ 2 test. HBsAg: 
Hepatitis B surface antigen; PegIFNα-2a: PEGylated interferon-α-2a; ETV: 
Entecavir.

Statistical analysis
Statistical analysis was conducted using SPSS version 
13.0 software. Quantitative data were analyzed by a 
t-test or non-parametric Wilcoxon test as appropriate, 
and qualitative data were analyzed by Pearson’s χ2 test 
and Fisher’s exact test.

RESULTS
Baseline in the PegIFNα -2a and ETV groups
There were 88 patients in the trial (PegIFNα-2a, n 
= 44; ETV, n = 44), and all patients accepted the 
regular 48 wk of treatment and 24 wk of follow-up. 
The mean age was 35.41 years (95%CI: 32.68-39.03) 
in the PegIFNα-2a group and 35.43 years (95%CI: 
32.42-38.43) in the ETV group. There were no 
statistically significant differences in age, gender or 
serum biochemical data between the two groups (Table 
1).

Efficacy
HBsAg levels in patients in the PegIFNα-2a 
group (Figure 2): During therapy, HBsAg levels were 
3.7902, 3.5405, 3.4661, 3.2511, and 3.1340 log10 
IU/mL at baseline and weeks 12, 24, 36, and 48 of 
therapy, respectively. However, the changes were small 
in the ETV group. After 48 wk of therapy, the decrease 
in HBsAg levels was greater in the PegIFNα-2a group 

than in the ETV group (3.1340 log10 IU/mL vs 3.6950 
log10 IU/mL, P = 0.00, Table 2).

Serological response (Table 2): In the PegIFNα-2a 
group, seven of the 44 patients achieved HBsAg loss, 
and one patient exhibited HBsAg seroconversion. By 
contrast, no patients in the ETV group achieved HBsAg 
loss or HBsAg seroconversion after 48 wk of therapy. 
More patients attained HBsAg loss in the PegIFNα-
2a group (15.91%) than in the ETV monotherapy 
group (15.91% vs 0%, P = 0.018). There were five 
and two individuals who remained HBeAg-positive 
and -negative at baseline, respectively. During the 
NA treatment period, both the PegIFNα-2a and ETV 
groups experienced HBeAg seroconversion. The 
HBeAg serological conversion rate was higher in the 
PegIFNα-2a group than in the ETV group, although 
the difference was not significant because of the small 
sample sizes (34.38% vs 21.88%, P = 0.232).

As the treatment time increased, the decrease in 
HBsAg levels became more obvious. Significantly more 
patients (Figures 3 and 4) in the PegIFNα-2a group 
had HBsAg levels of <100 IU/mL after treatment 
than before treatment (50.00% vs 9.09%, P = 0.00). 
Among patients with HBsAg levels < 1500 IU/mL, the 
percent changes were 72.73% vs 25.00%, P = 0.00, 
and in patients with HBsAg levels < 3000 IU/mL, the 
percent changes were 86.36% vs 36.36%, P = 0.00.

Early HBsAg decline predicted the response at 
week 48. The highest rates of HBeAg seroconversion 
and HBsAg loss were observed in patients with an 
HBsAg level < 100 IU/mL at week 24 (Figures 5 and 
6). In the PegIFNα-2a group, patients with an HBsAg 
level < 100 IU/mL, an HBsAg level < 1500 IU/mL, or 
an HBsAg level < 3000 IU/mL achieved 50%, 42.2%, 
and 40.74% HBeAg seroconversion at week 48, 
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PegIFNα-2a ETV P value

Age (yr), mean 35.41 (95%CI: 32.68-39.03) 35.43 (95%CI: 32.42-38.43) 0.8321

Male 62.86% 68.57% 0.6152

ALT (U/L), mean 34.60 (95%CI: 30.31-38.89) 33.06 (95%CI: 30.15-35.96) 0.7451

HBsAg (IU/mL), mean 6168.8630 (95%CI: 3841.12-8496.60) 5879.4557(95%CI: 3643.06-8115.85) 0.9601

HBeAg (+) 29/44 (65.91%) (27/44) 61.36% 0.6582

PegIFNα-2a ETV P value

HBsAg levels (log10 IU/mL)       3.1340 3.6950 0.001

HBsAg loss rate (%) 15.91 0.0000   0.0182

Figure 2  Hepatitis B surface antigen levels in patients in the PEGylated 
interferon α-2a group and the entecavir group across therapy. HBsAg: 
Hepatitis B surface antigen; ETV: Entecavir.
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respectively.
In the PegIFNα-2a group, patients with an HBsAg 

level < 100 IU/mL, an HBsAg level < 1500 IU/mL, or 
an HBsAg level < 3000 IU/mL achieved 50%, 36.84% 
and 25.93% HBsAg loss at week 48, respectively.

In the PegIFNα-2a group, patients with an HBsAg 
level < 1500 IU/mL at baseline had higher HBeAg 
seroconversion and HBsAg loss rates at week 48 
compared with those with an HBsAg level ≥ 1500 
IU/mL (HBeAg seroconversion: 62.5% vs 17.86%, P 
< 0.05; HBsAg loss: 41.67% vs 6.25%, P < 0.05). 
Moreover, those with an HBsAg level < 1500 IU/mL 
at week 24 had higher HBsAg loss rates after therapy 
compared with those with an HBsAg level ≥ 1500 
IU/mL (36.84% vs 0%, P < 0.05). However, the 
differences in HBeAg seroconversion between the 
groups were not significant (47.06% vs 25.93%, P > 
0.05) (Table 3).

Off-treatment follow-up: Week 24 responders
During the 24-wk follow-up, all the patients who 
switched to PegIFNα-2a maintained HBV-DNA negative 
status and normal serum AST and ALT.

Thirty-five patients, including two who were 
HBeAg-positive after 48 wk of treatment with PegIFNα-
2a, experienced HBeAg seroconversion during 24 wk 
of follow-up. The cumulative HBeAg seroconversion 
rate was 41.46%, whereas no patients achieved 
HBeAg seroconversion in the ETV group. However, 
the difference between the groups was not significant 
(41.46% vs 21.95%, P = 0.058).

The HBsAg level of one patient who lost HBsAg 
with PegIFNα-2a treatment for 48 wk was 0.67 IU/mL 
at the 24th wk of follow-up, even though the patient 
maintained HBeAg seroconversion, HBV-DNA negative 
status and normal serum ALT and AST.

One patient who received PegIFNα-2a developed a 
complication of hyperthyroidism during week 39, and 
the patient was not discontinued due to methimazole 
treatment.

Adverse events, including headache, dry mouth, 
weakness and decreases in leucocytes, erythrocytes, 
and platelets, occurred in the majority of patients. One 

of the 35 patients in the PegIFNα-2a group had these 
adverse events, which were mild and had no effect on 
treatment progress. However, a minority of patients 
in the ETV group had the above-mentioned adverse 
events.

DISCUSSION
In our study, regardless of the baseline levels or 
HBeAg positivity or negativity of the two groups of 
CHB patients, HBV DNA was fully suppressed by 1-5 
years of NA treatment. Despite this suppression, these 
patients remained HBeAg-positive, albeit at lower 
levels. Compared with ETV monotherapy, the addition 
of PegIFNα-2a for 48 wk, based on HBsAg-titer 
monitoring produced higher HBeAg seroconversion, 
greatly decreased HBsAg levels, and achieved HBsAg 
loss and even HBsAg seroconversion with no relapse 
after 24 wk of follow-up. These results are similar to 
Ouzan’s report[10].

The NEPTUNE study[11] indicated that 14% of 
patients treated with PegIFN for one year had deferred 
HBeAg seroconversion, and 86% of the patients 
achieved HBeAg seroconversion during the therapy. 
In this study, the rate of HBeAg seroconversion was 
21.95%, which lower than the rate after PegIFNα-
2a treatment (36.59% vs 21.95%, P = 0.145). 
This result is consistent with previous research[12] 
on ETV monotherapy. Moreover, we observed that 
PegIFNα-2a was effective even after treatment was 
terminated. The OSST study[9] confirmed higher 
HBeAg seroconversion rates in the PegIFNα-2a group 
compared with the ETV group (14.9% vs 6.1%, P = 
0.0467). The differences in HBeAg seroconversion 
between the two groups were not significant, possibly 
because of the small sample size in our study.

HBsAg loss is considered the ultimate long-
term goal of antiviral therapy by the Asian Pacific 

10214 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

Figure 4  Proportion of patients in different hepatitis B surface antigen 
level groups during pegylated interferon α-2a sequential therapy. HBsAg: 
Hepatitis B surface antigen.
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Figure 3  Change in hepatitis B surface antigen levels during PEGylated 
interferon α-2a sequential therapy. HBsAg: Hepatitis B surface antigen.
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Association for the Study of the Liver, EASL, and the 
American Association for the Study of the Liver[5,13,14]. 
However, achieving HBsAg loss and sustained 
virological and serological responses is difficult with 
general treatment using NAs. The median number 
of years of NA treatment required for HBsAg loss is 
52.2 years (interquartile range: 30.8-142.7)[15]. In 
our study, 50% of patients exhibited a reduction of 
HBsAg levels to less than 100 IU/mL after PegIFNα-
2a therapy, and 86.36% of patients had HBsAg 
levels < 1500 IU/mL. The level of serum HBsAg was 
predominantly and closely associated with intrahepatic 
cccDNA levels[16]. HBsAg levels < 100 IU/mL at the 
end of the treatment indicated a sustained response 
to NA-induced HBeAg seroconversion[17]. At the 3-year 
post-treatment follow-up, 52% of the patients with 
HBsAg levels < 10 IU/mL at the end of treatment 
achieved HBsAg loss[18]. Moreover, IFN has both 
antiviral and immunomodulatory effects, and thus 
decreases the amount of cells containing the HBV 
intrahepatic cccDNA molecule, which is required for 
sustained, chronic HBV infection[6]. Therefore, patients 
switching to PegIFNα-2a might achieve permanent 
HBeAg seroconversion and even achieve HBsAg loss 
to reach the ideal endpoint of therapy. Experts have 
suggested that to resolve long-term medication 
problems, and achieve higher HBeAg seroconversion, 
HBsAg loss and sustained response after treatment 
termination, NA-treated CHB patients should receive 
the combination therapy or switch to PegINF[7].

Shouval et al[19] demonstrated that after 48 wk 
of ETV treatment alone and 24 wk of follow-up, the 
virological relapse rate was 97%, and 39% of patients 
had serum ALT of less than 1 × ULN. Additionally, Seto 

et al[20] indicated that after 24 and 48 wk of entecavir 
treatment, 74.2% and 91.4% of patients suffered 
recurrent viremia. Chaung et al[21] reported that 
90% of patients experienced virological relapse once 
they discontinued NA therapy. In the present study, 
during the 24-wk follow-up, none of the patients who 
switched to PegIFNα-2a became HBV-DNA positive or 
had abnormal serum AST or ALT. 

During the follow-up period, one of the patients in 
the PegIFNα-2a group who exhibited HBsAg loss at the 
end of the 48 wk of treatment became HBsAg-positive 
and exhibited an increased level of HBsAg. During 
the 24-wk follow-up period, this patient maintained 
normal hepatic function, and the level of HBV-DNA 
was below the detection limit of 0.67 IU/mL cccDNA 
remaining in the liver cells of patients who undergo 
HBsAg loss[22]. Additionally, in HBsAg-loss patients, 
the median interval between HBV DNA measurements 
was 48 mo. The viral load in the extrahepatic reservoir 
decreases with time[22]. Therefore, we considered 
the patient to be at a persistent low HBsAg level and 
closely monitored the patient’s liver function and HBV 
DNA levels. 

HBeAg seroconversion and lower HBsAg levels 
can reduce the incidence of liver cirrhosis and liver 
cancer[23,24]. Compared with ETV monotherapy, 
PegIFNα-2a not only increased the serological 
conversion rate, but also produced an ideal effect 
after treatment termination, which has a persistent 
influence on the immune function of patients who 
achieved HBeAg seroconversion. Additionally, IFN 
prevents the formation of HBV proteins and depletes 
the intrahepatic cccDNA pool, which results in further 
HBsAg loss compared with ETV alone[10]. 

Therefore, the results indicated that the application 
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Figure 6  The proportion of hepatitis B surface antigen loss after treatment 
with pegylated interferon α-2a at different levels of hepatitis B surface 
antigen at week 24. HBsAg: Hepatitis B surface antigen.

Figure 5  The hepatitis B envelope antigen seroconversion proportion 
after treatment baseline at different levels of hepatitis B surface antigen 
at week 24 during pegylated interferon α-2a sequential therapy. HBsAg: 
Hepatitis B surface antigen.
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of PegIFNα-2a induces a strong cccDNA decline and 
low serum levels of HBsAg, thus reducing the relapse 
rate of CHB patients after treatment termination 
and improving immune control and safe treatment 
termination.

Santantonio et al[25] and Marcellin et al[26] reported 
that HBsAg loss and seroconversion rates did not differ 
significantly between lamivudine monotherapy and 
combined PegIFNα-2a therapy in patients who were 
HBeAg-negative. Janssen et al[27] also indicated that 
HBeAg loss or seroconversion rates were similar after 
lamivudine monotherapy and combined PegIFNα-2a 
therapy in HBeAg-positive patients. However, these 
reports did not focus on NA-treated CHB patients. 
Therefore, additional clinical cases must be analyzed 
to determine if INF monotherapy directly, or the 
combined NA and interferon treatment, is superior for 
NA-treated CHB patients.

The level of HBsAg in the patients who were HBeAg-
negative or HBeAg-positive was not related to the 
curative effect in the PegIFNα-2a group (P > 0.05). 
The lower the HBsAg level at baseline, the higher 
the HBeAg seroconversion and HBsAg loss rates 
at week 48. We speculated that the efficacy of 48 
wk of treatment based on HBsAg levels at the 24th 
wk of therapy would produce a HBsAg loss rate of 
up to 36.84% (P < 0.05) in patients with a serum 
HBsAg level < 1500 IU/mL, and the efficacy was not 
determined by HBeAg seroconversion (P > 0.05).

The HBsAg loss rate of the patients with serum 
HBsAg levels < 1500 IU/mL in our trial was obviously 
higher than that observed in the OSST study[9] (44.44% 
vs 25%), which may be related to the lower baseline 
HBV DNA levels (< 500 IU/mL) and longer ETV 
combination to ensure persistent virus inhibition. There 
are no unified clinical recommendations on how long 
NAs and PegIFNα-2a therapy should administered. The 
benefits of prolonged treatment with ETV or extended 
PegIFNα-2a treatment in patients with higher serum 
HBsAg levels at baseline require further clinical 
observation.

This study has some limitations, such as the small 
sample size, which prevented deeper analysis of the 
relationship between HBsAg levels and curative effect 
after 48 wk of therapy. CHB is a chronic disease; 

therefore, the follow-up period of only 24 wk was 
relatively short. The prognosis of patients requires 
longer follow-up times and further observation.

In conclusion, brief treatment of NA-treated CHB 
patients with a combination of NAs and PegIFNα-2a 
could achieve highly potent treatment termination 
safely, with a minimal risk of long-term resistance. 
Based on the initial serum HBsAg level in NA-treated 
CHB patients, we could select superior patients to 
switch to PegIFNα-2a and, according to the levels of 
HBsAg at 24 wk of treatment, adjust the treatment 
to continue with PegIFNα-2a or switch to NAs. This 
protocol has an important and significant effect on 
achieving treatment termination safely and with 
immune control.

COMMENTS
Background
Hepatitis B virus (HBV) infection is a significant clinical problem globally: it is 
estimated that approximately 240 million individuals are chronically infected 
with HBV worldwide. Therefore, standardized antiviral treatment, including 
nucleos(t)ide analogues (NAs) and interferon (IFN) is required to improve the 
prognosis of chronic hepatitis B (CHB). NA-treated CHB patients who switch 
to IFN have been reported to achieve higher rates of sustained virological and 
serological responses than those continuing with NA monotherapy. However, 
supporting medical evidence from clinical trials or clinical, real-life data are 
lacking.

Research frontiers
Recent research has focused on combination therapy with IFN and NAs to 
exploit the antiviral and immune regulation effects of these drugs. However, 
there are very few clinical studies about this combination worldwide, especially 
in China. This research investigated the efficacy of switching to IFN in 
NA-treated CHB patients. 

Innovations and breakthroughs
NAs are used widely in CHB treatment in China. Not all patients are willing to 
continue taking NAs continuously. The European Association for the Study of 
the Liver indicated that IFN therapy is the preferred treatment option for CHB 
patients who achieve a sustained response after therapy. This research focused 
on the efficacy of a combination therapy with IFN and NAs. The authors 
analyzed different monitoring methods for NA-treated CHB patients switching to 
IFN, which has an important and significant effect on choosing suitable patients 
and estimating the risk of long-term resistance in treatment termination.

Applications
Medical evidence from clinical trials helps clinicians choose different types 
of standardized antiviral treatment for different CHB patients. The present 
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Table 3  Predictors of response to PEGylated interferon-α-2a using baseline parameters and hepatitis B surface antigen levels at 
week 24

1Continuity correction, α = 0.05. HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B envelope antigen.

HBsAg loss at week 48 HBeAg seroconversion at week 48

n P  value n P  value
HBsAg level < 1500 IU/mL at baseline 5/12 (41.67%) 0.0161 10/16 (62.5%) 0.0071

HBsAg level ≥ 1500 IU/mL at baseline 2/32 (6.25%) 5/28 (17.86%)
HBeAg-positive at baseline 5/29 (17.24%) 1.0001 - -
HBeAg-negative at baseline 2/15 (13.33%) -
HBsAg level < 1500 IU/mL at week 24 7/19 (36.84%) 0.0041 8/17 (47.06%) 0.2661

HBsAg level ≥ 1500 IU/mL at week 24 0/25 (0) 7/27 (25.93%)
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research showed that brief treatment of NA-treated CHB patients with a 
combination of NAs and pegylated interferon-α-2a (PegIFNα-2a) could achieve 
highly potent treatment termination safely, with a minimal risk of long-term 
resistance.

Terminology
Currently, standardized antiviral treatment includes nucleoside NAs and IFN. 
Treatment of CHB has a clear treatment course with IFN. However, CHB 
patients need to take NA for a long and undefined time because NAs cannot 
eliminate the virus completely. CHB patients treated with Entecavir (ETV) have 
a chance of HBeAg seroconversion at least 48 wk and show decreased serum 
alanine aminotransferase and aspartate aminotransferase levels. However, 
ETV cannot decrease the HBsAg level nor sustain virological and serological 
responses after therapy, luckily, IFN helps to fill this gap.

Peer-review
In this paper, the authors investigated the efficacy and safety of switching CHB 
patients successfully treated with Entecavir to PegIFNα-2a NA-treated. The 
topic is of great interest. In fact, in recent years several attempts have been 
performed to transform a “long-life” treatment with NAs to a treatment of a “finite” 
duration. The paper is well written and can be considered for publication after 
minor revisions. 

REFERENCES
1 WHO Guidelines Approved by the Guidelines Review 

Committee. Guidelines for the Prevention, Care and Treatment of 
Persons with Chronic Hepatitis B Infection. Geneva: World Health 
Organization; 2015 [PMID: 26225396]

2 Hou JL, lai W. [The guideline of prevention and treatment for 
chronic hepatitis B: a 2015 update]. Zhonghua Ganzangbing 
Zazhi 2015; 23: 888-905 [PMID: 26739464 DOI: 10.3760/cma.
j.issn.1674-2397]

3 Yokosuka O, Takaguchi K, Fujioka S, Shindo M, Chayama K, 
Kobashi H, Hayashi N, Sato C, Kiyosawa K, Tanikawa K, Ishikawa 
H, Masaki N, Seriu T, Omata M. Long-term use of entecavir 
in nucleoside-naïve Japanese patients with chronic hepatitis B 
infection. J Hepatol 2010; 52: 791-799 [PMID: 20409606 DOI: 
10.1016/j.jhep.2009.12.036]

4 Yuen MF, Seto WK, Chow DH, Tsui K, Wong DK, Ngai VW, 
Wong BC, Fung J, Yuen JC, Lai CL. Long-term lamivudine therapy 
reduces the risk of long-term complications of chronic hepatitis B 
infection even in patients without advanced disease. Antivir Ther 
2007; 12: 1295-1303 [PMID: 18240869]

5 European Association For The Study Of The Liver. EASL 
clinical practice guidelines: Management of chronic hepatitis B 
virus infection. J Hepatol 2012; 57: 167-185 [PMID: 22436845 
DOI: 10.1016/j.jhep.2012.02.010]

6 Wursthorn K, Lutgehetmann M, Dandri M, Volz T, Buggisch 
P, Zollner B, Longerich T, Schirmacher P, Metzler F, Zankel M, 
Fischer C, Currie G, Brosgart C, Petersen J. Peginterferon alpha-2b 
plus adefovir induce strong cccDNA decline and HBsAg reduction 
in patients with chronic hepatitis B. Hepatology 2006; 44: 675-684 
[PMID: 16941693]

7 Expert guoup on treatment of patients with chronic hepatitis 
B who have an initial nucleotide(s)analogue therapy with 
pegylated interferon α. Expert opinion on the treatment of the 
NUCs-treated chronic hepatitis B patients treated with interferon 
alpha. Zhongguo Ganzangbingxue Zazhi 2013; 21: 494-497 [DOI: 
10.3760/cma.j.issn.1007-3418.2013.07.005]

8 Bonino F, Marcellin P, Lau GK, Hadziyannis S, Jin R, Piratvisuth 
T, Germanidis G, Yurdaydin C, Diago M, Gurel S, Lai MY, 
Brunetto MR, Farci P, Popescu M, McCloud P. Predicting response 
to peginterferon alpha-2a, lamivudine and the two combined for 
HBeAg-negative chronic hepatitis B. Gut 2007; 56: 699-705 
[PMID: 17127704]

9 Ning Q, Han M, Sun Y, Jiang J, Tan D, Hou J, Tang H, Sheng J, 
Zhao M. Switching from entecavir to PegIFN alfa-2a in patients 
with HBeAg-positive chronic hepatitis B: a randomised open-label 

trial (OSST trial). J Hepatol 2014; 61: 777-784 [PMID: 24915612 
DOI: 10.1016/j.jhep.2014.05.044]

10 Ouzan D, Pénaranda G, Joly H, Khiri H, Pironti A, Halfon P. Add-
on peg-interferon leads to loss of HBsAg in patients with HBeAg-
negative chronic hepatitis and HBV DNA fully suppressed by long-
term nucleotide analogs. J Clin Virol 2013; 58: 713-717 [PMID: 
24183313 DOI: 10.1016/j.jcv.2013.09.020]

11 Chan HL, Leung NW, Hui AY, Wong VW, Liew CT, Chim 
AM, Chan FK, Hung LC, Lee YT, Tam JS, Lam CW, Sung 
JJ. A randomized, controlled trial of combination therapy for 
chronic hepatitis B: comparing pegylated interferon-alpha2b and 
lamivudine with lamivudine alone. Ann Intern Med 2005; 142: 
240-250 [PMID: 15710957]

12 Chang TT, Gish RG, de Man R, Gadano A, Sollano J, Chao YC, 
Lok AS, Han KH, Goodman Z, Zhu J, Cross A, DeHertogh D, 
Wilber R, Colonno R, Apelian D. A comparison of entecavir and 
lamivudine for HBeAg-positive chronic hepatitis B. N Engl J Med 
2006; 354: 1001-1010 [PMID: 16525137]

13 Liaw YF, Kao JH, Piratvisuth T, Chan HL, Chien RN, Liu 
CJ, Gane E, Locarnini S, Lim SG, Han KH, Amarapurkar D, 
Cooksley G, Jafri W, Mohamed R, Hou JL, Chuang WL, Lesmana 
LA, Sollano JD, Suh DJ, Omata M. Asian-Pacific consensus 
statement on the management of chronic hepatitis B: a 2012 
update. Hepatol Int 2012; 6: 531-561 [PMID: 26201469 DOI: 
10.1007/s12072-012-9365-4]

14 Lok AS, McMahon BJ. Chronic hepatitis B: update 2009. 
Hepatology 2009; 50: 661-662 [PMID: 19714720 DOI: 10.1002/ 
hep.23190]

15 Chevaliez S, Hézode C, Bahrami S, Grare M, Pawlotsky JM. 
Long-term hepatitis B surface antigen (HBsAg) kinetics during 
nucleoside/nucleotide analogue therapy: finite treatment duration 
unlikely. J Hepatol 2013; 58: 676-683 [PMID: 23219442 DOI: 
10.1016/j.jhep]

16 Thompson AJ, Nguyen T, Iser D, Ayres A, Jackson K, Littlejohn 
M, Slavin J, Bowden S, Gane EJ, Abbott W, Lau GK, Lewin SR, 
Visvanathan K, Desmond PV, Locarnini SA. Serum hepatitis B 
surface antigen and hepatitis B e antigen titers: disease phase 
influences correlation with viral load and intrahepatic hepatitis B 
virus markers. Hepatology 2010; 51: 1933-1944 [PMID: 20512987 
DOI: 10.1002/hep.23571]

17 Chan HL, Wong GL, Chim AM, Chan HY, Chu SH, Wong VW. 
Prediction of off-treatment response to lamivudine by serum 
hepatitis B surface antigen quantification in hepatitis B e antigen-
negative patients. Antivir Ther 2011; 16: 1249-1257 [PMID: 
22155906 DOI: 10.3851/IMP1921]

18 Brunetto MR, Moriconi F, Bonino F, Lau GK, Farci P, Yurdaydin 
C, Piratvisuth T, Luo K, Wang Y, Hadziyannis S, Wolf E, McCloud 
P, Batrla R, Marcellin P. Hepatitis B virus surface antigen levels: 
a guide to sustained response to peginterferon alfa-2a in HBeAg-
negative chronic hepatitis B. Hepatology 2009; 49: 1141-1150 
[PMID: 19338056]

19 Shouval D, Lai CL, Chang TT, Cheinquer H, Martin P, Carosi G, 
Han S, Kaymakoglu S, Tamez R, Yang J, Tenney D, Brett-Smith 
H. Relapse of hepatitis B in HBeAg-negative chronic hepatitis 
B patients who discontinued successful entecavir treatment: the 
case for continuous antiviral therapy. J Hepatol 2009; 50: 289-295 
[PMID: 19070393 DOI: 10.1016/j.jhep.2008.10.017]

20 Seto WK, Hui AJ, Wong VW, Wong GL, Liu KS, Lai CL, 
Yuen MF, Chan HL. Treatment cessation of entecavir in Asian 
patients with hepatitis B e antigen negative chronic hepatitis B: 
a multicentre prospective study. Gut 2014; 64: 667-672 [PMID: 
24833635]

21 Chaung KT, Ha NB, Trinh HN, Garcia RT, Nguyen HA, Nguyen 
KK, Garcia G, Ahmed A, Keeffe EB, Nguyen MH. High frequency 
of recurrent viremia after hepatitis B e antigen seroconversion and 
consolidation therapy. J Clin Gastroenterol 2012; 46: 865-870 
[PMID: 22941429 DOI: 10.1097/MCG.0b013e31825ceed9]

22 Werle-Lapostolle B, Bowden S, Locarnini S, Wursthorn K, 
Petersen J, Lau G, Trepo C, Marcellin P, Goodman Z, Delaney WE, 
Xiong S, Brosgart CL, Chen SS, Gibbs CS, Zoulim F. Persistence 
of cccDNA during the natural history of chronic hepatitis B and 

10217 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

He LT et al . Switching to PegIFNα-2a in NA-treated CHB patients



decline during adefovir dipivoxil therapy. Gastroenterology 2004; 
126: 1750-1758 [PMID: 15188170]

23 Martinot-Peignoux M, Carvalho-Filho R, Lapalus M, Netto-
Cardoso AC, Lada O, Batrla R, Krause F, Asselah T, Marcellin 
P. Hepatitis B surface antigen serum level is associated with 
fibrosis severity in treatment-naïve, e antigen-positive patients. J 
Hepatol 2013; 58: 1089-1095 [PMID: 23369792 DOI: 10.1016/j. 
jhep.2013.01.028]

24 Liu WR, Tian MX, Jin L, Yang LX, Ding ZB, Shen YH, Peng 
YF, Zhou J, Qiu SJ, Dai Z, Fan J, Shi YH. High levels of hepatitis 
B surface antigen are associated with poorer survival and early 
recurrence of hepatocellular carcinoma in patients with low 
hepatitis B viral loads. Ann Surg Oncol 2015; 22: 843-850 [PMID: 
25269529 DOI: 10.1245/s10434-014-4043-5]

25 Santantonio T, Niro GA, Sinisi E, Leandro G, Insalata M, 

Guastadisegni A, Facciorusso D, Gravinese E, Andriulli A, Pastore 
G. Lamivudine/interferon combination therapy in anti-HBe 
positive chronic hepatitis B patients: a controlled pilot study. J 
Hepatol 2002; 36: 799-804 [PMID: 12044531]

26 Marcellin P, Lau GK, Bonino F, Farci P, Hadziyannis S, Jin R, Lu 
ZM, Piratvisuth T, Germanidis G, Yurdaydin C, Diago M, Gurel S, 
Lai MY, Button P, Pluck N. Peginterferon alfa-2a alone, lamivudine 
alone, and the two in combination in patients with HBeAg-negative 
chronic hepatitis B. N Engl J Med 2004; 351: 1206-1217 [PMID: 
15371578]

27 Sonneveld MJ, Rijckborst V, Boucher CA, Hansen BE, Janssen 
HL. Prediction of sustained response to peginterferon alfa-
2b for hepatitis B e antigen-positive chronic hepatitis B using 
on-treatment hepatitis B surface antigen decline. Hepatology 2010; 
52: 1251-1257 [PMID: 20830787]

P- Reviewer: Santantonio TA    S- Editor: Yu J
    L- Editor: Stewart G    E- Editor: Liu WX  

10218 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

He LT et al . Switching to PegIFNα-2a in NA-treated CHB patients



Marcelo Campos Appel-da-Silva, Suelen Aparecida da Silva 
Miozzo, Isabella de Azevedo Dossin, Cristiane Valle Tovo, 
Angelo Alves de Mattos, Graduate Program: Hepatology, 
Universidade Federal de Ciências da Saúde de Porto Alegre 
(UFCSPA), Porto Alegre, RS 900150-170, Brazil

Fernanda Branco, Ultrasound Imaging Service, Hospital Santa 
Casa de Porto Alegre, Porto Alegre, RS 90050-170, Brazil

Author contributions: All authors contributed to this paper with 
conception, drafting, revision, and approval of the final version of 
the manuscript.

Institutional review board statement: The study protocol was 
approved by the institutional review board for human studies at 
the Universidade Federal de Ciências da Saúde de Porto Alegre 
and complied with the guidelines of the Brazilian Ministry of 
Health.

Conflict-of-interest statement: The authors state no conflicts of 
interest. No financial support was provided for the study.

Data sharing statement: No additional data are available.

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/

Manuscript source: Invited manuscript

Correspondence to: Marcelo Campos Appel-da-Silva, MD, 
MSc, Graduate Program: Hepatology, Universidade Federal de 
Ciências da Saúde de Porto Alegre, Rua Dona Laura, 87/202, 
Porto Alegre, RS 900150-170, 
Brazil. marceloappel@yahoo.com.br
Telephone: +55-51-32225366
Fax: +55-51-32225366

Received: August 26, 2016
Peer-review started: August 29, 2016
First decision: September 20, 2016
Revised: October 4, 2016
Accepted: November 14, 2016
Article in press: November 16, 2016
Published online: December 14, 2016

Abstract
AIM
To determine the incidence of hepatocellular carcino-
ma (HCC) and the impact of HCC surveillance on early 
diagnosis and survival of cirrhotic outpatients. 

METHODS
In this retrospective cohort study, cirrhotic outpatients 
undergoing HCC surveillance between March 2005 and 
March 2014 were analyzed. Exclusion criteria were HIV 
coinfection; previous organ transplantation; diagnosis 
of HCC at first consultation; missing data in the medical 
chart; and less than 1 year of follow-up. Surveillance 
was carried out every six months using ultrasound 
and serum alpha-fetoprotein determination. Ten-year 
cumulative incidence and survival were estimated 
through Kaplan-Meier analysis. 

RESULTS
Four hundred and fifty-three patients were enrolled, 
of which 57.6% were male. Mean age was 55 years. 
Hepatitis C virus and heavy use of alcohol were the 
main etiologic agents of cirrhosis. HCC was diagnosed 
in 75 patients (16.6%), with an estimated cumulative 
incidence of 2.6% in the 1st year, 15.4% in the 5th 

year, and 28.8% in the 10th year. Median survival was 
estimated at 17.6 mo in HCC patients compared to 234 
mo in non-HCC patients (P  < 0.001). Early-stage HCC 
was more often detected in patients who underwent 
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surveillance every 6 mo or less (P  = 0.05). However, 
survival was not different between patients with early 
stage vs  non-early stage tumors [HR = 0.54 (0.15-1.89), 
P  = 0.33].

CONCLUSION
HCC is a frequent complication in patients with cirrhosis 
and adherence to surveillance programs favors early 
diagnosis.

Key words: Liver cirrhosis; Hepatocellular carcinoma; 
Epidemiology; Surveillance; Survival

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This retrospective cohort chart review 
study provides novel data regarding the incidence of 
hepatocellular carcinoma (HCC) in the South of Brazil. 
Of 453 patients with cirrhosis attending a specialized 
reference clinic between March 2005 and March 
2014, 75 (16.6%) developed HCC, with a cumulative 
incidence of 2.6%, 15.4% and 28.8% in the 1st, 5th, 
and 10th year respectively. Early-stage HCC was more 
often detected in patients undergoing strict surveillance 
every 6 mo. Results from this study highlight the need 
for strict surveillance programs favoring early diagnosis 
and, probably, a better prognosis.

Appel-da-Silva MC, Miozzo SAS, Dossin IA, Tovo CV, Branco F, 
Mattos AA. Incidence of hepatocellular carcinoma in outpatients 
with cirrhosis in Brazil: A 10-year retrospective cohort study. 
World J Gastroenterol 2016; 22(46): 10219-10225  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i46/10219.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.i46.10219

INTRODUCTION
Liver cancer is the second leading cause of cancer 
death worldwide; it is also the fifth most common 
cancer in men and the ninth in women. In 2012, an 
estimated 782000 new cases of liver cancer occurred 
in the world, with report of 745000 deaths[1]. Among 
primary liver malignancies, hepatocellular carcinoma 
(HCC) accounts for 70%-85% of cases, and is associated 
with chronic liver disease and/or cirrhosis in 70%-90% 
of cases[2,3].

The burden of HCC varies with geographic location, 
especially when associated with cirrhosis[3]. Around 
80% of cases occur in developing countries, and 55% 
in China alone[4]. In highly endemic areas, such as sub-
Saharan countries and Asia, the annual incidence rate 
is around 30/100000 population[4-6]. Mediterranean 
countries (Italy, Spain and Greece) report intermediate 
incidence rates, with 10-20 cases/100000/year. An 
increase in the burden of HCC in low-incidence areas 
(Australia, North America, South America, and United 
Kingdom), with fewer than 5 cases/100000/ year, has 

also been recently noted. In these areas, the growing 
prevalence of hepatitis C virus (HCV) infection, alcohol 
consumption, and nonalcoholic fatty liver disease (NAFLD) 
are the main causes underlying the increasing number 
of HCC cases[2,3,7-11].

In Latin America, limited data are available on the 
incidence and population characteristics of patients 
with HCC[12]. In Brazil, a national epidemiological survey 
sponsored by the Brazilian Society for Hepatology[13] 
evaluated 1405 patients with HCC in 29 centers across 
the country. Using the Barcelona Clinic Liver Cancer 
(BCLC) staging classification[14], 43% of the individuals 
were diagnosed with early stage tumors; 35% with 
intermediate stage tumors; and 22% with advanced 
stage tumors. Also, 98% had cirrhosis, which was 
caused by HCV in 39% and heavy use of alcohol in 
14%. In the South of Brazil, HCV has been identified 
as the main etiologic factor of cirrhotic outpatients[15].

Screening and surveillance of HCC using abdominal 
ultrasound have been shown to detect tumors at an 
earlier stage, increasing the odds of treatment and the 
adherence of health care services to current practice 
guidelines[16-19]. Nevertheless, epidemiological studies 
in the United States have shown that only 12% to 
78.8% of patients receive routine surveillance[20,21]; 
possible barriers to screening and surveillance include 
socioeconomic factors and the lack of specific health 
policies for HCC[22]. 

The objective of the present study was to de-
termine the incidence of HCC and the impact of HCC 
surveillance on early diagnosis and survival of cirrhotic 
outpatients attending a tertiary hospital clinic in the 
South of Brazil. 

MATERIALS AND METHODS
We carried out a retrospective cohort chart review 
study including all patients aged 18 years or older 
diagnosed with cirrhosis attending a specialized re-
ference clinic (Complexo Hospitalar Santa Casa, Porto 
Alegre, Brazil) between March 2005 and March 2014. 
Exclusion criteria were HIV coinfection, previous organ 
transplantation, diagnosis of HCC at the first clinic 
appointment, incomplete medical records, or follow-
up of less than 1 year. The diagnosis of cirrhosis was 
based on clinical, laboratory, and on ultrasonographic 
and/or upper GI endoscopic features. Those patients 
whose diagnosis remained inconclusive, percutaneous 
liver biopsy were carried out. 

All patients underwent screening and surveillance 
for HCC, with abdominal ultrasound and serum alpha-
fetoprotein (AFP) determination every 6 mo. Computed 
tomography (CT) or abdominal magnetic resonance 
imaging (MRI) with contrast were performed in all 
patients with evidence of nodular lesion measuring ≥ 
1 cm in diameter on ultrasound[23].

HCC diagnosis was based on typical findings on 
contrast-enhanced CT or abdominal MRI - early arterial 
phase enhancement followed by rapid washout at the 
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late portal/venous phase. Inconclusive cases were 
referred for biopsy and histological evaluation[23]. Pa-
tients with a diagnosis of HCC were classified according 
to BCLC criteria[14].

 All charts were reviewed for selection of study 
variables and outcomes during the study period, 
considering the data available for the first and the last 
consultations. The following variables were analyzed: 
age, sex, etiology of liver disease, Child-Turcotte-Pugh[24] 
score, Model for End-Stage Liver Disease score[25], use 
of statins, and serum levels of AFP.

The establishment of alcohol consumption was 
made through self-report of regular drinking, in a 
daily basis. Heavy use of alcohol was considered when 
alcohol consumption was greater than 40 g per day for 
men and women.

All patients received specialized treatment according 
to the etiology of liver disease and risk factors identified. 
Obese and/or NAFLD patients were referred to a 
Clinical Nutrition outpatient clinic. Those with alcohol 
dependency were headed for a public specialized 
psychiatric service and encouraged to attend support 
groups to stop drinking.

The patients were divided into two groups: with 
or without HCC. To compare the groups in terms of 
continuous variables with normal distribution, Student’s 
t test was used. Mann-Whitney’s test was used for com-
parison of variables with non-Gaussian distribution. 
For the comparison of categorical variables, the χ 2 
test and Fisher’s exact test were used. To evaluate the 
performance of AFP as a diagnostic tool, in patients 
with HCC, sensitivity, specificity, post-test probability, 
and likelihood ratio were calculated for different serum 
level ranges. These data were also represented as ROC 
curves and box plots generated with log-transformed 
values. Kaplan-Meier analysis was performed to 
examine cumulative incidence and survival in the 
10-year follow-up period, with statistical significance 
calculated using the log-rank test. HR with 95%CI was 
calculated using a Cox regression model. Significance 
level was set at α = 5%.

Microsoft® Office Excel 2010 was used to store data, 

and the Statistical Package for the Social Sciences v. 
22.0 (IBM® SPSS) was used for analysis of results. The 
normality of data distribution was determined using 
the Kolmogorov-Smirnov test. Quantitative variables 
with normal distribution were expressed as mean 
and standard deviation; variables with non-normal 
distribution were expressed as median and interquartile 
range. Simple and relative frequencies were used for 
categorical variables.

The research protocol was approved by the Research 
Ethics Committee at Universidade Federal de Ciências 
da Saúde de Porto Alegre (protocol 367511/2011, 
approval report 14/2014).

RESULTS
Of 738 eligible patients, the following were excluded: 
105 with incomplete medical records, 88 with non-
cirrhotic portal hypertension, 54 who were lost 
to follow-up, and 14 with HIV co-infection. Of the 
remaining 477 cirrhotic patients, 24 were diagnosed 
with HCC at the first clinic appointment and were 
thus excluded from the study. Thus, the final sample 
included 453 patients.

During follow-up, 75 patients (16.6%) were dia-
gnosed with HCC. Median follow-up for this group was 
15.7 mo. Among the 378 patients who did not develop 
HCC, median follow-up was 58.4 mo. Table 1 shows 
demographic and clinical data of the groups with and 
without HCC. 

AFP levels were available for 343 patients, of which 
57 had a diagnosis of HCC (16.7%). Baseline and end-
of-study AFP levels were significantly different between 
patients with and without HCC. Stratification of serum 
AFP levels into four ranges (Figure 1 and Table 2) 
revealed a trend for AFP > 20 ng/mL to predict HCC. 
The highest diagnostic probability was observed for 
AFP levels ≥ 50 ng/mL (Table 2). Accuracy of AFP was 
measured by the area under the ROC curve, whose 
value was 0.769 (95%CI: 0.70-0.84). 

The 10-year cumulative incidence of HCC was 
analyzed using a Kaplan-Meier curve (Figure 2). During 
this 10-year period, 453 patients were followed-up. The 
estimated incidence of HCC was 2.6% in the 1st year, 
15.4% in the 5th year, and 28.8% in the 10th year. 

Among 419 patients who reported not using statins, 
73 (17.4%) had HCC, vs only 1 patient among 34 using 
statins (2.9%), P = 0.028.

Survival analysis showed median survival of 234 
mo (19.5 years) for the group without HCC and 17.6 
mo (1.5 year) for patients with HCC. At the end of 10 
years, none of the HCC patients were alive, whereas 
55.8% of the patients without HCC were still living (P 
< 0.001, Figure 3). 

BCLC staging of HCC at the time of diagnosis showed 
early stage tumors in 40 (53.3%) patients, intermediate 
stage tumors in 26 (34.6%) patients, and advanced 
tumors in 9 (12%) patients. Only 50.7% of individuals 
with HCC had undergone ultrasound surveillance every 
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Figure 1  Log-transformed alpha-fetoprotein values at the end of the study 
in patients with and without hepatocellular carcinoma.
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or less (P = 0.05). However, survival was not different 
between patients with early stage vs non-early stage 
tumors [HR = 0.54 (0.15-1.89), P = 0.33]. 

DISCUSSION
Given the impact of HCC incidence on patients with 
cirrhosis, as well as the scarcity of data regarding this 
population in Latin America, we set out to determine 
the incidence of HCC and the role of a surveillance 
program in a cohort of cirrhotic patients attending 
an outpatient clinic in the South of Brazil, region pre-
dominantly composed by European descendants.

In this study, 75 of 453 (16.6%) patients developed 
HCC over 10 years - a higher incidence than the 8.1% 
observed in a cohort followed-up in the Southeast of 
Brazil[26]. Data from other countries also reveal higher 
incidences in various populations, such as 17.5% in 
the United States[27] and 27% in an Italian cohort[28]. 
Because Brazil is a country of continental proportions, 
the higher incidence detected in the South may be 
explained by geographic and/or racial heterogeneity, 
as well as specificities related to risk factors and access 
to health care services for screening, diagnosis, and 
follow-up. The predominance of the male sex and the 
mean age at diagnosis were similar to those described 
in other national[13,29,30] and international[12,31,32] studies.

In the present study, the etiology of liver disease 
was similar in patients with or without HCC, with HCV 
and alcohol being the main etiologic agents. In Brazil, 
chronic HCV infection and alcohol consumption are 
a major public health problem[33,34]; nevertheless, 
in some regions HBV is still an important cause of 
cirrhosis and HCC[35]. Llovet et al[36] have shown that in 
Europe and North America, HCV and alcohol are more 
frequently associated with HCC than HBV, differently 
than what occurs in Asia and Africa.

The establishment of surveillance programs for 
patients with chronic liver disease gained momentum 
after the study by Zhang et al[37], which showed that 

6 mo. The analysis of tumor staging (early vs non-
early) according to frequency of ultrasound surveillance 
showed a higher number of cases diagnosed with early 
stage tumors in patients with surveillance every 6 mo 

Table 1  Demographic and clinical characteristics of cirrhotic 
outpatients attending a hospital clinic in the South of Brazil n  
(%)

Characteristic HCC Without HCC P value

n  = 75 n  = 378
Age (yr) 54.9 ± 10.7 53.2 ± 12.2   0.23
Male sex 44 (58.7) 217 (57.4)   0.90
Cirrhosis etiology   0.27
   HCV 35 (46.7) 132 (34.9)
   Alcohol 16 (21.3) 93 (24.6)
   HCV + alcohol 15 (20.0) 74 (19.6)
   HBV 2 (2.7) 3 (0.8)
   HBV + alcohol 0 (0.0) 5 (1.3)
   NAFLD 1 (1.3) 7 (1.8)
   Cryptogenic 1 (1.3) 12 (3.2)
   Other 5 (6.7) 52 (13.8)
Baseline Child-Pugh n = 74 n = 377   0.81
   A 45 (60.8) 229 (60.7)
   B 22 (29.7) 119 (31.6)
   C 7 (9.5) 29 (7.7)
End-of-study Child-Pugh n = 75 n = 367   0.38
   A 30 (40.0) 168 (45.8)
   B 25 (33.3) 127 (34.6)
   C 20 (26.7) 72 (19.6)
Baseline MELD n = 60 n = 292

11.2 (6; 25) 12.0 (6 ;27)   0.12
End-of-study MELD n = 71 n = 330

13.4 (6; 31) 13.1 (6; 45)   0.65
Baseline AFP, ng/mL n = 69 n = 261

6.1 (3.7; 19.0) 4.0 (1.5; 8.0)   0.01
End-of-study AFP, ng/mL n = 57 n = 286

16 (4.9; 187.0) 4.0 (2.5; 7.8) < 0.001

Other, autoimmune hepatitis, primary biliary cholangitis, hemo-
chromatosis, primary sclerosing cholangitis, alpha-1 antitrypsin deficiency; 
MELD and AFP expressed as median and interquartile range (25%-75%). 
HCV: Hepatitis C virus; HBV: Hepatitis B virus; NAFLD: Nonalcoholic 
fatty liver disease; MELD: Model for End-Stage Liver Disease; AFP: Alpha-
fetoprotein. 

HR = 7.30 
(95%CI: 4.69-11.35)

P  < 0.001
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Figure 3  Kaplan-Meier cumulative survival curve in patients with hepa-
tocellular carcinoma and 10-yr follow-up. HCC: Hepatocellular carcinoma.
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performing abdominal ultrasound and AFP testing 
every 6 mo was capable of identifying patients in 
earlier stages of the disease, increasing survival in up 
to 37% of cases.

A major objective of follow-up of patients with 
cirrhosis is the screening and surveillance of HCC 
according to various consensus statements and guide-
lines[31,38-40]. Brazilian Society for Hepatology[41] has 
recently recommended the performance of abdominal 
ultrasounds every 6 mo, with measurement of AFP 
strictly in sites where physicians who are experienced 
in ultrasound are not available. 

AFP was recognized in the 1970s as a tumor marker 
for diagnosis of HCC. This biomarker lost ground after 
many studies showed low sensitivity and specificity 
for detection of early stage tumors, leading to the 
exclusion of AFP dosing from the main consensus 
statements[31,38,40]. Despite the debate, the Asian Pacific 
Association for the Study of the Liver and the Japan 
Society of Hepatology kept the recommendation for 
serial AFP measurement, based on the understanding 
that this information could complement ultrasound 
surveillance[39,42]. In any case, it is well recognized that 
AFP may play an important prognostic role in the follow-
up of these patients, since high AFP levels may signal 
more aggressive, multifocal tumors associated with 
venous portal thrombosis and/or metastases[43].

In the present study, serum AFP levels were higher 
in patients with HCC than in those without HCC. Never-
theless, the absence of a cutoff point with satisfactory 
sensitivity and specificity to detect HCC compromises 
the usefulness of this test. We believe that AFP dosing 
is more valuable to establish HCC prognosis than HCC 
diagnosis [44].

The incidence of HCC has been increasing globally, 
especially in the West, as a consequence of the obesity 
epidemic and of the growing number of patients with 
chronic liver disease[45]. In our cohort, cumulative HCC 
incidence was 2.6%, 15.4%, and 28.8% in the 1st, 5th, 
and 10th year respectively, which is similar to the data 
reported for other cirrhotic cohorts[27,46].

We observed that more patients were diagnosed 
with early stage HCC, as determined by BCLC criteria, 
in the presence of ultrasound monitoring at 6-mo 
intervals, even if survival was similar in this group, 
as compared to the group submitted to surveillan-
ce ultrasound at broader intervals. The difficulty in 

demonstrating increased survival associated with 
surveillance programs involves ethical issues relating 
to the performance of randomized, controlled trials. In 
this cohort, despite the lower survival of HCC patients 
vs those with cirrhosis and without HCC, there was 
no difference between those who underwent strict 
surveillance and those who did not. Sangiovanni et al[28] 
successfully demonstrated increased survival in cirrhotic 
patients with HCC undergoing surveillance between 
1985 and 2011.

Interestingly, we observed a negative association 
between use of statins and development of HCC. Even 
though this might be a chance finding, given the low 
number of patients using this medication, previous 
studies have reported an effect of statins on patients 
with chronic liver disease[47-54]. All these previous works 
have described a protective effect. In fact, Chiu et al[48] 
described a reduction of 38% in the risk of HCC in 
patients from a surveillance program.

In conclusion, the findings of the present study 
underscore the high incidence of HCC in individuals with 
cirrhosis, highlighting the importance of stimulating 
the adherence of health care services and patients to 
surveillance programs. 

COMMENTS
Background
Liver cancer is the second leading cause of cancer death worldwide and, 
among primary liver malignancies, hepatocellular carcinoma (HCC) accounts 
for 70%-85% of cases, and is associated with chronic liver disease and/or 
cirrhosis in 70%-90% of cases.

Research frontiers
All patients with chronic liver diseases are advised and guided to programmed 
screening and surveillance for HCC in order to allow early detection of nodular 
lesion.

Innovations and breakthrough
This study presents the incidence and impact of HCC in patients with cirrhosis 
in the South of Brazil and demonstrates that the adherence to surveillance 
programs are indeed effective for early diagnosis.

Applications
The present study underscore the high incidence of HCC in individuals with 
cirrhosis, highlighting the importance of stimulating the adherence of health 
care services and patients to surveillance programs.

Terminology
Screening and surveillance programs are usually done through periodic 
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Table 2  Pre-test probability, likelihood ratio, post-test probability, sensitivity, and specificity of alpha-fetoprotein ranges to predict 
hepatocellular carcinoma

AFP level (ng/mL) Pre-test probability LR+ Post-test probability  Sensitivity Specificity

< 6.0 16.60%   0.50   9.1% 66.7% 66.3%
6-19.9 16.60%   1.00 16.6% 45.6% 89.3%
20-50 16.60%   1.31 20.8% 35.1% 96.1%
> 50 16.60% 10.03 66.8% 35.1% 96.1%

LR: Likelihood ratio; AFP: Alpha-fetoprotein.
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abdominal ultrasound every 6 mo and may be associated with serum alpha-
fetoprotein. Computed tomography or abdominal magnetic resonance imaging 
with contrast were performed in all patients with evidence of nodular lesion 
measuring ≥ 1 cm in diameter on ultrasound.

Peer-review
This retrospective cohort chart review study does a good job regarding 
the incidence of HCC in the South of Brazil and displays the need for strict 
surveillance programs favoring early diagnosis and prognosis. It is very well-
written and the Discussion interprets the findings in view of the results obtained 
in this and in past studies on this topic. The study gives significant information 
and it may possibly help clinicians to develop further studies.
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Abstract
AIM
To evaluate magnitude/direction of changes in peri-
pheral lipid profiles in patients undergoing direct acting 
therapy for hepatitis C by genotype.

METHODS
Mono-infected patients with hepatitis C were treated 
with guideline-based DAAs at a university-based liver 
clinic. Patient characteristics and laboratory values 
were collected before and after the treatment period. 
Baseline demographics included age, ethnicity, hyper-
tension, diabetes, hyperlipidemia, treatment regimen, 
and fibrosis stage. Total cholesterol (TCHOL), high 
density lipoprotein (HDL), low density lipoprotein 
(LDL), triglycerides (TG), and liver function tests were 
measured prior to treatment and ETR. Changes in lipid 
and liver function were evaluated by subgroups with 
respect to genotype. Mean differences were calculated 
for each lipid profile and liver function component 
(direction/magnitude). The mean differences in lipid 
profiles were then compared between genotypes for 
differences in direction/magnitude. Lipid profile and 
liver function changes were evaluated with Levene’s test 
and student’s t  test. Mean differences in lipid profiles 
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were compared between genotypes using ANOVA, post 
hoc analysis via  the Bonferroni correction or Dunnett T3.

RESULTS
Three hundred and seventy five patients enrolled with 
321 (85.6%) achieving sustained-viral response at 12 
wk. 72.3% were genotype 1 (GT1), 18.1% genotype 2 
(GT2), 9.7% genotype 3 (GT3). Baseline demographics 
were similar. Significant change in lipid profiles were 
seen with GT1 and GT3 (ΔGT1, p and ΔGT3, p), with 
TCHOL increasing (+5.3, P  = 0.005 and +16.1, P  < 
0.001), HDL increasing (+12.5, P  < 0.001 and +7.9, P  
= 0.038), LDL increasing (+7.4, P  = 0.058 and +12.5, P  
< 0.001), and TG decreasing (-5.9, P  = 0.044 and -9.80 
P  = 0.067). Among genotypes (ΔGT1 v. ΔGT2 v. ΔGT3, 
ANOVA), significant mean differences were seen with 
TCHOL (+5.3 v. +0.1 v. +16.1, P  = 0.017) and HDL 
(+12.3 v. +2 v. +7.9, P  = 0.040). Post-hoc, GT3 was 
associated with a greater increase in TCHOL than GT1 
and GT2 (P  = 0.028 and P  = 0.019).

CONCLUSION
Successful DAA therapy results in increases in TCHOL, 
LDL, and HDL and decrease in TG, particularly in GT1/
GT3. Changes are most pronounced in GT3. 

Key words: Hepatitis C genotypes; Lipids; Metabolic 
syndrome

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Different genotypes of the hepatitis C virus 
(HCV) are associated with differing levels of hepatic 
steatosis, with genotype 3 (GT3) having the strongest 
direct association. In this investigation, change in 
peripheral lipid panels during direct-acting antiviral 
therapy were assessed in a large HCV treatment cohort 
with respect to genotype. Total cholesterol in patients 
with GT3 increased significantly during treatment 
compared to other genotypes. Associated steatosis and 
differing lipid kinetics may influence response rates to 
direct acting therapy and may also influence genotype 
specific risks of hepatic and systemic complications.

Pedersen MR, Patel A, Backstedt D, Choi M, Seetharam AB. 
Genotype specific peripheral lipid profile changes with hepatitis 
C therapy. World J Gastroenterol 2016; 22(46): 10226-10231  
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INTRODUCTION
Chronic hepatitis C virus (HCV) infection is associated 
with hepatic steatosis and hypocholesterolemia[1]. 
HCV utilizes peripheral lipid metabolism pathways 
including hepatocyte very-low-density lipoprotein for 
viral assembly and requires several apolipoproteins 

for production of infective particles[2,3]. Chronic HCV 
increases levels of hepatic steatosis independent of 
other classical risk factors for non-alcoholic fatty liver 
disease[1]. The magnitude of this effect varies by geno-
type. Genotype 3 (GT3) in particular is associated with 
a primary hepatic steatosis that appears to correlate 
directly with viral load while genotype 1 (GT1) and 2 
(GT2) have less pronounced secondary steatosis related 
to increased insulin resistance and body mass index[1-3]. 

Successful clearance of HCV viremia with immuno-
modulatory therapy (pegylated interferon and ribavirin) 
has been associated with a rise in serum total cho-
lesterol (TCHOL) and low density lipoprotein (LDL)[4]. In 
the post-interferon era, Meissner et al[5] demonstrated 
that patients with chronic HCV GT1 treated with 
sofosbuvir and ribavirin had increases in their serum 
LDL and decrease in serum triglyceride (TG).

Peripheral lipid profile changes during treatment for 
non-genotype 1 infection with DAA therapy are thus 
far uncharacterized. The purpose of this study was to 
examine effects of DAA therapy on serum TCHOL and 
peripheral lipid components and evaluate differences in 
responses among HCV genotypes.

MATERIALS AND METHODS
Ethical considerations
This study was reviewed and approved by the Banner 
University Medical Center - Phoenix Institutional Review 
Board. While data was collected prospectively, all 
patients were monitored in accordance with American 
Association for the Study of Liver Disease and Infectious 
Diseases Society of America hepatitis C guidelines. As 
there was no deviation from standard of care, need for 
informed consent for the prospective study was waived 
by the institutional review board.

Study design
We performed a prospective cohort study of consecu-
tively-enrolled mono-infected HCV patients achieving 
sustained virologic response at 12 wk (SVR12) treated 
at Banner University of Arizona Medical Center in 
Phoenix, Arizona from January 2014 to November 2015. 
After institutional review board approval, outpatient 
medical records were reviewed and variables of interest 
tabulated.

Treatment regimens
All patients were treated according to the American 
Association for the Study of Liver Diseases and the 
Infectious Diseases Society of America guidelines 
active at the time of treatment initiation. Consecu-
tively enrolled subjects received one of the following 
treatment regimens: pegylated Interferon alfa 2a 
+ sofosbuvir + ribavirin; sofosbuvir + ribavirin; 
sofosbuvir + simeprevir; or ledipasvir + sofosbuvir. 
When applicable, ribavirin was dosed by weight, 1000 
mg total daily dose if weight < 75 kg or 1200 mg total 
daily dose if > 75 kg.
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Baseline demographics
Baseline demographics were recorded prior (within 30 
d prior) to regimen initiation including: age, ethnicity, 
treatment regimen, and fibrosis stage as well as the 
presence of hypertension, diabetes, and hyperlipidemia 
prior to treatment. Liver function tests [including alanine 
aminotransferase (ALT), total bilirubin, and albumin] as 
well as the protime/International Normalized Ratio (INR) 
were recorded before and after treatment. Fibrosis 
stage was assessed via FibroSure serum testing 
(Laboratory Corporation of American, Herdon, Virginia) 
or liver biopsy. Presence of hypertension, diabetes, 
and hyperlipidemia prior to treatment was determined 
based on documentation of formal diagnosis in the 
medical record and concomitant medications regimens 
indicative of the diagnosis (e.g., insulin use was con-
sidered indicative of diabetes). Medication lists were 
monitored prior to and after the end of treatment for 
any new or discontinued medications.

Metabolic measurements
Per protocol in the Liver Clinic at Banner University 
of Arizona Medical Center in Phoenix, Arizona, fasting 
lipid profiles, including TCHOL, high density lipoprotein 
(HDL), LDL, and TG low density were measured prior 
to treatment and at the end of treatment (within one 
month). Testing was performed via commercially 
available assays with Laboratory Corporation of America 
(Phoenix, Arizona) and Sonora Quest Laboratories 
(Tempe, Arizona). Metabolic variables were measured 
at two different time points: (1) prior to treatment 
(start); and (2) completion of treatment regimen (end 
of treatment response-ETR).

Response to treatment
End of treatment response and SVR12 were bio-
chemically defined by an undetectable or below the 
lower limit of quantification HCV RNA PCR quantitative 
assay (Laboratory Corporation of America, Phoenix, 
Arizona and Senora Quest Laboratories, Tempe, 
Arizona). Liver enzyme and function tests (including 
ALT, total bilirubin, and albumin) as well as the protime/
INR were recorded before and after treatment using 
standardized assays at these same laboratories.

Statistical analysis
Baseline demographics by genotype were compared 
using descriptive statistics including chi square analysis 
for categorical variables and one-way ANOVA for 
continuous variables. Patients not achieving SVR12 
were excluded. Changes in lipid profile and liver function 
tests were evaluated for significance with Levene’s test 
of equal variances and the paired t test. 

Mean differences were calculated for each com-
ponent of the lipid profile within each genotype from 
treatment start to end. Mean differences were compared 
among genotypes for differences in direction/magni-
tude by total population and patients with cirrhosis 

and non-cirrhosis independently using ANOVA. When 
significant differences were present, post-hoc analysis 
was performed using the Bonferroni correction (when 
equal variances assumed) or Dunnett T3 (when equal 
variances not assumed) to determine the significantly 
different pairs. Significance was set at P < 0.05. 
Subgroup analysis of the changes in lipid profiles was 
performed separately for cirrhotics and non-cirrhotics by 
genotypes. 

SPSS software (Statistical Product and Services 
Solutions, version 22, Chicago, IL, United States) was 
used for statistical analyses. All authors had access to 
the study data and had reviewed and approved the 
final manuscript.

RESULTS
Study population
A total of 375 patients were enrolled, of which 321 
(85.6%) achieved SVR12 and were included in the 
study. Of these, 232 (72.3%) had G1, 58 (18.1%) had 
G2, and 31 (9.7%) had G3. Baseline demographics 
(Table 1) were similar, including prevalence of diabetes, 
hypertension, and hyperlipidemia. Incidence of cirrhosis 
was significantly higher in the G2 group (56.9%) than 
the G3 group (45.2%). During DAA therapy, serum 
albumin increased and ALT decreased across all geno-
types (all P < 0.01). Serum INR improved only in G2 (P 
< 0.001) (Table 2).

Changes in peripheral lipid profiles during DAA therapy 
stratified by cirrhosis
On analysis by genotype, significant changes in lipid 
profiles were seen with GT1 and GT3. In GT1, TCHOL 
increased from 156.9 to 162.2 mg/dL (P = 0.005), LDL 
increased from 80.2 to 87.6 mg/dL (P = 0.058), HDL 
increased from 51.6 to 63.6 mg/dL (P < 0.001), and 
TG decreased from 114.6 to 108.7 mg/dL (P = 0.044). 
In GT3, TCHOL increased from 141.5 to 157.6 mg/dL 
(P < 0.001), HDL increased 45.4 to 53.3 mg/dL (P = 
0.038) and LDL increased from 81.4 to 93.9 mg/dL 
(P < 0.001). No significant changes were seen for 
GT2. These trends were consistent irrespective of the 
presence or absence of cirrhosis (Table 3). In the total 
population, absolute pre-treatment TCHOL was lowest 
in GT3 (P = 0.032), however similar between all three 
groups at the end of treatment (P = 0.81).

Differential effects in peripheral lipid profile based on 
genotype
On post-hoc comparison of the mean differences in 
lipid profiles between genotype (GT1 vs GT2 vs GT3, p), 
significant changes were seen in the total population 
with TCHOL (+5.3 mg/dL vs +0.1 mg/dL vs +16.7 
mg/dL, P = 0.017) and HDL (+12.3 mg/dL vs +2 
mg/dL vs +7.9 mg/dL, P = 0.049) (Table 4). GT3 was 
associated with a greater increase in TCHOL than both 
GT1 (P = 0.028) and GT2 (P = 0.019). There was no 
significant difference in HDL changes between paired 

10228 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

Pedersen MR et al . HCV Therapy effect on lipids profiles



10229 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

= 0.012). In cirrhotics, there were no differences seen in 
the changes in lipid profiles between genotype (Table 4).

DISCUSSION
Chronic hepatitis C infection is closely linked to lipid 
metabolism via shared use of the classical secretory 

genotypes on post-hoc analysis. In non-cirrhotics, 
the trends were similar, with changes in TCHOL (+5.8 
mg/dL vs -0.4 mg/dL vs +12.8 mg/dL, P = 0.066) and 
in HDL (+18.2 mg/dL vs +0.5 mg/dL vs +11.1 mg/dL , 
P = 0.008). GT3 was associated with a greater increase 
in TCHOL than GT2 (P = 0.048). Additionally, GT1 was 
associated with a greater increase in HDL than GT2 (P 

Table 1  Baseline demographics n  (%)

All Genotype 1 Genotype 2 Genotype 3 P  value

Number of patients 321 (100) 232 (72.3)  58 (18.1) 31 (9.7)
Age (yr) 57.7 ± 10.3 58.9 ± 9.5 55.5 ± 12.1 54.6 ± 10.8    0.009
Gender (male)  221 (68.8) 160 (59.4)  41 (61.2)   20 (64.5)    0.845
Ethnicity
   Caucasian  229 (71.3) 171 (73.7)  40 (70.0)   18 (58.1)    0.018
   African American  19 (5.9) 18 (7.8)  1 (1.7)   0 (0.0)
   Hispanic    55 (17.1)   32 (13.8)  13 (22.4)   10 (32.3)
   Asian  16 (5.0)   9 (3.9)  4 (6.9)   3 (9.7)
   Other    2 (0.6)   2 (0.9)  0 (0.0)   0 (0.0)
Diabetes    79 (24.6)   59 (25.4)  14 (24.2)     6 (19.4)    0.593
Hypertension  132 (41.1) 105 (45.3)  22 (37.9)     5 (16.1)    0.086
Hyperlipidemia    59 (18.4)   44 (19.0)  12 (20.7)   3 (9.7)    0.453
Cirrhotic  150 (46.7) 103 (44.4)  33 (56.9)   14 (45.2) < 0.001
Treatment
   IFN + SOF + RBV   25 (10.8)  0 (0.0)   0 (0.0)
   SOF + RBV   57 (24.6) 58 (100)  31 (100)
   SOF + SMV   42 (19.0)  0 (0.0)   0 (0.0)
   SOF + LDV 140 (60.3)  0 (0.0)   0 (0.0)

IFN: Pegylated interferon; SOF: Sofosbuvir; RBV: Ribavirin; SMV: Simeprevir; LDV: Ledipasvir.

Table 2  Changes in liver function tests

Genotype 1 Genotype 2 Genotype 3

Start Tx End Tx P  value Start Tx End Tx P  value Start Tx End Tx P  value
Albumin (g/dL) 3.5 ± 0.6 3.8 ± 0.6 < 0.001 3.5 ± 0.5 3.7 ± 0.6 < 0.002   3.4 ± 0.5 3.7 ± 0.6 < 0.001
ALT (U/L) 70.2 ± 58.3 31.7 ± 38.7 < 0.001 68.7 ± 48.3 26.4 ± 17.8 < 0.001 101.9 ± 61.6 30.7 ± 30.3 < 0.001
Total Bilirubin (mg/dL) 1.0 ± 0.8 0.9 ± 0.8    0.008 1.0 ± 0.9 0.9 ± 0.9    0.202   1.1 ± 0.7 1.1 ± 0.8    0.904
INR 1.1 ± 0.2 1.1 ± 0.3    0.112 1.1 ± 0.1 1.0 ± 0.1 < 0.001   1.1 ± 0.2 1.1 ± 0.3    0.509

ALT: Alanine transaminase; INR: International Normalized Ratio.

Table 3  Changes in lipid profile by genotype in patients with cirrhosis and non cirrhosis

Total population Non-cirrhotics Cirrhotics

Start Tx End Tx P  value Start Tx End Tx P  value Start Tx End Tx P  value
Genotype 1
   T Chol 156.9 ± 36.4 162.2 ± 41.0    0.005 169.9 ± 33.2 175.7 ± 38.2    0.046 146.4 ± 35.6 151.4 ± 40.0   0.052
   HDL   51.6 ± 18.5   63.9 ± 32.8 < 0.001   54.4 ± 19.5   72.7 ± 36.4 < 0.001   49.3 ± 17.2   56.9 ± 27.6   0.002
   LDL   80.2 ± 28.8   87.6 ± 62.7    0.058   87.1 ± 28.1   91.8 ± 31.6    0.091   74.6 ± 28.2   84.2 ± 79.1 0.15
   TG 114.6 ± 56.0 108.7 ± 56.0    0.044 117.3 ± 55.1 111.6 ± 57.6  0.27 112.5 ± 56.6 106.4 ± 56.5   0.070
Genotype 2
   T Chol 162.9 ± 35.8 163.0 ± 32.9  0.99 174.2 ± 29.8 173.7 ± 27.5  0.91 148.2 ± 37.7 148.9 ± 34.1 0.90
   HDL   52.8 ± 18.6   54.8 ± 20.0  0.39   54.9 ± 17.4   55.3 ± 17.4  0.88   50.0 ± 19.7   54.0 ± 23.0 0.28
   LDL   86.7 ± 34.0   87.4 ± 30.2  0.82   95.3 ± 31.8   96.4 ± 27.0  0.82   75.4 ± 33.4   75.7 ± 30.0 0.93
   TG 114.3 ± 64.1 112.4 ± 65.8  0.73 120.6 ± 68.4 124.0 ± 74.2  0.72 106.1 ± 59.7   97.1 ± 48.6   0.078
Genotype 3
   T Chol 141.5 ± 38.4 157.6 ± 34.4 < 0.001 161.4 ± 35.5 181.5 ± 23.5    0.001 125.1 ± 32.5 137.9 ± 29.1   0.025
   HDL   45.4 ± 15.1   53.3 ± 16.6    0.038   49.3 ± 14.0   53.2 ± 14.3  0.37   42.2 ± 15.3   53.3 ± 18.2   0.065
   LDL   81.4 ± 32.1   93.9 ± 34.9 < 0.001   92.5 ± 26.1 110.4 ± 21.4    0.003   72.2 ± 33.6   80.3 ± 37.9   0.045
   TG 108.6 ± 47.5   98.8 ± 41.2    0.047 119.0 ± 58.6 112.6 ± 47.1  0.36 100.1 ± 33.4   87.5 ± 31.2 0.12

All values expressed as mean ± SD. All units are in mg/dL. T Chol: Total cholesterol; HDL: High density lipoprotein; LDL: Low density lipoprotein; TG: 
Triglycerides; Start Tx: Prior to treatment; End Tx: End of treatment. 
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pathway[2,6-8]; however, specific viral/host protein 
interactions require further elucidation[9]. The link 
between lipid metabolism and HCV was of particular 
interest during the era of interferon-based treatment, 
when components of the metabolic syndrome were 
identified as negative predictors of achieving SVR[10]. 
However, medications aimed to optimize metabolic 
syndrome conditions prior to antiviral treatment, such 
as the PPAR-γ agonist pioglitazone and the 3-hydroxy-
3-methylglutaryl-coenzyme A reductase inhibitor 
fluvastatin, yielded no significant improvement in SVR 
rates with pegylated-interferon based therapy[11-15]. 

Increase in serum cholesterol levels during HCV 
infection has been demonstrated with successful HCV 
treatment. Previously identified changes in peripheral 
lipid profiles included increases in TCHOL and LDL[4,16-18]. 
It has also been associated with increases in HDL[16,19], 
though not in all studies[4,17]. In our study, we found that 
treatment with DAA resulted in increases in TCHOL, 
LDL, HDL as well as a decrease in TGs in GT1, and 
increases in TCHOL, HDL, and LDL in GT3. Changes 
occurred irrespective of established pre-treatment 
cirrhosis. GT2 did not have any significant changes 
in lipid particle concentration. Meissner et al[5], in his 
2015 study of 55 GT1 patients treated sofosbuvir and 
ribavirin without interferon, also reported an increase 
in LDL and decrease in TG, however did not find any 
significant changes in TCHOL or HDL.

Research on the differences in lipid metabolism 
between genotypes of hepatitis C have focused 
mainly on steatosis. A review of 14 studies from 1997 
through 2004 estimated the prevalence of steatosis 
in patients with chronic HCV to be 40%-86% (mean 
approximately 55%), compared to a baseline of 
approximately 20%-30% of patients in the United 
States and other western countries without the virus[20]. 
GT3 in particular is associated with an increased 
incidence and severity of hepatic steatosis, estima-
ted at 73% in this same study[20]. This steatosis, in 
contrast to GT1, is independent of any co-existing 
insulin resistance or obesity[1-3]. Hypocholesterolemia 
has been found to various extents across genotypes 
and is also known to be more pronounced in patients 
with GT3[21,22]. This was also seen in our study. While 
the exact mechanism is unknown, it likely relates to 
alterations of the distal cholesterol synthesis pathway[23]. 

Relatively little is known about the different effect 
of genotypes on the magnitude of lipid profile changes 

from start to end of treatment. One study identified that 
only GT3 treatment responders, but not non-responders 
or any GT1 patients, demonstrate an increase in 
serum cholesterol[24]. A more recent investigation 
found significant post-therapeutic increases in TCHOL, 
LDL, HDL, and TGs, but greater increases in HDL in 
patients with GT2[16]. All of the aforementioned analyses 
primarily included subjects treated with interferon and 
ribavirin.

Our study is the first to compare mean differences 
in lipid profile components between GT1, GT2, and 
GT3 after treatment with DAAs. We found patients 
with GT3 to have the most profound changes in lipid 
profile, characterized by a significantly greater increase 
in TCHOL than both GT1 and GT2 across the entire 
population. This was also reflected in our cirrhotic and 
non-cirrhotic subgroups. On the other hand, the lipid 
profiles of patient with GT2 were relatively unaffected 
by treatment in the cirrhotics, non-cirrhotics, and 
combined analysis, though the reason for this is 
unclear. Nonetheless, GT2 experienced improvement 
in synthetic function congruent with GT1 and GT3, 
as noted by an increase in albumin, and perhaps 
even better than GT1 and GT3 as evidenced by the 
significant improvement in INR not seen in the other 
two genotypes.

Unfavorable lipid changes are most pronounced 
in those with HCV GT3 infection who are successfully 
treated with DAAs. This may be a reflection of the 
more severe hypocholesterolemia that affects this 
group prior to treatment. Here, the increase in TCHOL 
brought it into a range that was not significantly 
different than either GT1 or GT2. The long term 
effect of the change in lipid profiles on cardiovascular 
risk and mortality is unknown, though it has been 
demonstrated that that patients successfully treated 
for HCV have lipid profiles may return to levels that 
potentially increase coronary disease risk[4]. Long term 
follow-up of these patients is warranted to correlate 
these changes with clinical outcomes.

COMMENTS
Background
Different genotypes of the hepatitis C virus (HCV) are associated with differing 
levels of hepatic steatosis, with genotype 3 having the strongest direct 
association. 

Table 4  Differential effect in lipid profile by genotype in patients with cirrhosis and non-cirrhosis

All patients Non-cirrhotics Cirrhotics

GT1 GT2 GT3 P value GT1 GT2 GT3 P value GT1 GT2 GT3 P value
T Chol   5.3  0.1  16.1 0.017   5.8 -0.4  12.8 0.066  5.0  0.7 20.1 0.39
HDL 12.3  2.0    7.9 0.049 18.2  0.5  11.1 0.008  7.6  4.0   4.0 0.69
LDL -5.9 -1.1 -11.9 0.550   4.6  1.0    8.1 0.150  9.7  0.3 17.9 0.82
TG   7.4  2.1  21.2 0.130  -5.7  3.4 -12.6 0.650 -6.1 -9.0  -6.4 0.76

All values expressed as mean ± SD. All units are in mg/dL. T Chol: Total cholesterol; HDL: High density lipoprotein; LDL: Low density lipoprotein; TG: 
Triglycerides; Start Tx: Prior to treatment; End Tx: End of treatment. 
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Innovations and breakthroughs
In this investigation, change in peripheral lipid panels during direct-acting 
antiviral therapy were assessed in a large HCV treatment cohort with respect to 
genotype. Total cholesterol in patients with genotype 3 increased significantly 
during treatment compared to other genotypes. Associated steatosis and 
differing lipid kinetics may influence response rates to direct acting therapy 
and may also influence genotype specific risks of hepatic and systemic 
complications.

Peer-review
The authors deal with a very interesting topic concerning the genotype 
specific peripheral lipid changes during daa therapy are uncharacterized. The 
manuscript is well written and although only four markers are used to support 
the scientific hypothesis data are promising.
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Abstract
AIM
To analyse the long-term prognostic impact of cir-
culating tumour cells (CTCs) in gastric cancer patients 
who underwent surgery. 

METHODS
A 7.5-mL peripheral vein blood sample was obtained 
from each patient with treatment-negative gastric 
adenocarcinoma before surgery. OBP-401, a telomerase-
specific, replication-selective, oncolytic adenoviral agent 
carrying the green fluorescent protein gene, was used 
to label CTCs. Correlations between the number of 
CTCs and clinical end points were evaluated. 

RESULTS
The median follow-up period of the surviving patients 
with gastric cancer was 60 mo. The CTC number tended 
to increase concomitantly with disease progression. The 
overall survival of patients with more than five CTCs 
in 7.5-mL of peripheral blood was lower than that of 
patients with five or less CTCs, although the difference 
was not significant (P  = 0.183). A significant difference 
in relapse-free survival was found between patients 
with more than five and those with five or less CTCs (P  
= 0.034).

CONCLUSION
A lower number of CTCs was correlated with higher 
relapse-free survival rates in patients. Detection of 
CTCs using OBP-401 may be useful for predicting prog-
nosis in gastric cancer. 

Key words: Circulating tumour cells; Gastric cancer; 
Surgery; Telomerase; Prognosis 

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We show the long-term prognostic impact 
of circulating tumour cells (CTCs) in 65 patients with 
gastric cancer in this report. OBP-401, a telomerase-
specific, replication-selective, oncolytic adenoviral agent 
carrying the green fluorescent protein gene, was used 
to label CTCs. A lower number of CTCs was correlated 
with higher relapse-free survival rates in patients with 
gastric cancer. 

Ito H, Sato J, Tsujino Y, Yamaguchi N, Kimura S, Gohda K, 
Murakami K, Onimaru M, Ohmori T, Ishikawa F, Inoue H. 
Long-term prognostic impact of circulating tumour cells in 
gastric cancer patients. World J Gastroenterol 2016; 22(46): 
10232-10241  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i46/10232.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i46.10232

INTRODUCTION
The presence of circulating tumour cells (CTCs) in 

peripheral blood indicates a systemic disease stage 
in various malignancies, as CTCs are thought to be 
the source of haematogenous metastasis[1]. Detection 
of CTCs in peripheral blood is useful for prognosis, 
monitoring of disease progression, and evaluation 
of treatment efficacy in breast[2], lung[3], prostate[4], 
skin[5], colon[6], gastric[7], and esophageal cancer[8,9]. 
Although various methods have been developed to 
detect CTCs, the most commonly used techniques 
for their enrichment and characterisation are density 
gradient separation[10], immunomagnetic separation[11], 
flow cytometry[12], direct enrichment by filtration[13], 
and microchip technology[14]. The CellSearch System 
(Veridex, LLC, Raritan, NJ, United States), which is 
based on immunomagnetic cell enrichment, is one 
of the most widely used techniques for automated 
enrichment and detection of CTCs[15,16]. The advantage 
of immunomagnetic cell separation is that CTCs can be 
directly visualised under a microscope. In the CellSearch 
assay, cells detected with antibodies against epithelial 
markers (e.g., epithelial cell adhesion molecules, or 
EpCAMs) are classified as CTCs. During the epithelial-
mesenchymal transition (EMT), an important process 
that occurs in CTCs[17], expression of epithelial surface 
markers is reduced. Thus, systems that rely on epithelial 
markers may fail to detect CTCs undergoing EMT[18]. 
Methodologies based on direct enrichment by filtration 
may circumvent this issue to some extent, although 
cells detected in this manner often lack tumourigenicity. 

Increased telomerase activity is a common cha-
racteristic of malignant tumours, and telomerase 
plays important roles in carcinogenesis and disease 
progression[19]. OBP-401 (TelomeScan, Oncolys 
BioPharma, Tokyo, Japan) is a telomerase-specific, 
replication-selective modified viral agent in which 
the human telomerase reverse transcriptase (TERT) 
gene promoter is inserted into the E1 region, and the 
green fluorescent protein (GFP) gene is placed under 
the control of the cytomegalovirus promoter in the 
E3 region as a marker of viral replication[20]. Thus, 
OBP-401 only proliferates in viable cells with high 
telomerase activity and provides a fluorescent label 
that allows tumour cells to be labelled, regardless 
of their epithelial marker expression profiles. We 
previously used OBP-401 to detect cells with high 
telomerase activity in blood samples of healthy and 
treatment-negative gastric cancer patients before 
surgery. We took 7.5-mL peripheral blood samples 
from cancer patients before surgery and healthy 
volunteers. We detected viable GFP-positive CTCs in 
the blood samples after incubation with OBP-401. 
This revealed that in patients with gastric cancer, a 
greater proportion of “high telomerase activity” cells 
was associated with a significantly poorer prognosis[21]. 
In this report, we describe the final long-term results 
(median follow-up time of five years) of this initial 
study, which demonstrate that the OBP-401-dependent 
CTC assay has clinical utility in patients with gastric 
cancer.
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MATERIALS AND METHODS
Patients and healthy volunteers
This report was the final analysis of our prospective 
preliminary study on CTCs from 65 patients with 
treatment-negative gastric adenocarcinoma who 
underwent surgery at the Digestive Disease Center 
of the Showa University Northern Yokohama Hospital 
between April 2010 and May 2011, and from whom we 
extracted peripheral blood samples before treatment. 
The inclusion criteria were: (1) histologically proven 
adenocarcinoma of the stomach by endoscopic biopsy; 
(2) clinical solitary tumour; (3) no prior endoscopic 
resection, chemotherapy, or radiotherapy; (4) aged 
20-80 years; (5) Eastern Cooperative Oncology Group 
performance status (Oken et al[22], 1982) of 0 or 1; 
(6) sufficient organ function; and (7) written informed 
consent. The exclusion criteria were: (1) synchronous 
or metachronous malignancy; (2) pregnant or breast-
feeding women; (3) active or chronic viral hepatitis; 
(4) active bacterial or fungal infection; (5) diabetes 
mellitus; (6) systemic administration of corticosteroids; 
and (7) unstable hypertension. The pathologic stage of 
the disease was determined according to the seventh 
edition of the American Joint Committee on Cancer/
International Union Against Cancer TNM classification 
system[23]. The depth of the tumour invasion in four 
patients without gastrectomy and the regional lymph 
node status of seven patients without sufficient 
lymphadenectomy were surgically diagnosed.

All of the patients were checked regularly in our 
hospital every 3 mo for the first 3 years post-operation, 
and every 6 mo for the following two post-operative 
years. The patients also underwent endoscopy and 
computed tomography at least once a year, according 
to their disease stage and course. Healthy volunteers 
were also recruited as controls. All healthy volunteers 
were employees of Sysmex Corporation, which included 
seven men (mean age, 31.4 years; range, 24-39 years) 
and three women (mean age, 33.7 years; range, 26-48 
years). All volunteers underwent medical check-ups 
upon employment and annually; check-ups included 
medical interviews, auscultation, chest radiography, 
and blood and urine analyses. In addition, individual 
interviews were conducted before sample collection; 
any volunteer who was currently receiving medical 
treatment, pregnant, or breast-feeding or who had 
donated blood within the past month was excluded.

Telomerase-specific viral agent
OBP-401, a telomerase-specific, replication-selective 
adenoviral agent in which the TERT promoter element 
drives the expression of the EIA and EIB genes and 
into which the GFP gene is integrated, was used. The 
sensitivity and specificity of the assay using OBP-401 
have been reported previously[24]. Viral samples were 
stored at -80 ℃.

Sample preparation and immunostaining
Details of sample preparation and assay were described 

in our previous report[21]. A 7.5-mL peripheral vein blood 
sample was obtained from each patient before surgery 
and from each healthy volunteer. The samples were 
drawn into tubes containing citric acid, phosphoric 
acid, and dextrose, and stored at 4 ℃. The assay was 
started within 48 h of sample collection. The samples 
were centrifuged for 5 min at 540 × g, and the plasma 
phase was removed. The cells were then washed 
four times with phosphate-buffered saline (PBS) and 
twice with Roswell Park Memorial Institute medium. 
The samples were infected with 4 × 108 plaque-
forming units of OBP-401 virus by incubation in the 
medium for 24 h at 37 ℃. Dead cells were stained 
with the red-fluorescent reactive dye L23102 (Life 
Technologies, Carlsbad, CA, United States), OBP-401 
was inactivated, and the cells were fixed with 2% 
paraformaldehyde for 20 min at room temperature. 
The samples were treated with a surface-active agent 
(Emalgen 2025G; Kao Chemicals, Tokyo, Japan) for 10 
min at 40 ℃ to degrade red blood cells. Phycoerythrin-
labelled anti-human CD45 antibody (BioLegend, San 
Diego, CA, United States) was diluted 1:5, and Pacific 
Blue-labelled anti-human CD326 (EpCAM) antibody 
(BioLegend) was diluted 1:10 in PBS containing 2% 
foetal bovine serum. Cells were incubated with the 
diluted antibodies for 30 min at 25 ℃. After being 
washed with PBS containing 2% foetal bovine serum, 
the cells were mounted on two glass slides for 
microscopic analysis. 

GFP fluorescence intensity of cultured cancer cell lines
Approximately 30000 cultured cells were added into 
7.5-mL blood samples from healthy volunteers, which 
were mixed with various cancer cell lines: A549 (lung 
carcinoma), HepG2 (hepatocellular carcinoma), HEC-1 
(endometrial carcinoma), KATO-III (gastric carcinoma), 
SBC-3 (small cell lung carcinoma), LNCaP (prostate 
adenocarcinoma), MDA-MB-468 (breast carcinoma), 
and OVCAR-3 (ovarian carcinoma). The cell lines were 
cultured according to the vendor’s specifications.

Determination of GFP fluorescence intensity and cell 
size threshold
The threshold for GFP fluorescence intensity and cell 
size (diameter) were set based on the values from 
samples of healthy volunteers and the patients with 
gastric cancer by using receiver operating characteristic 
(ROC) analysis. The blood samples were subjected to 
the CTC detection assay, and GFP-positive cells were 
scored by fluorescence microscopy. 

Cell counting and analysis
All detectable GFP-positive cells on the two slides 
were analysed under a computer-controlled fluore-
scence microscope (IX71, Olympus, Tokyo, Japan); 
the observer was blinded to the sample details. Cells 
with fluorescence intensities and diameters exceeding 
the threshold were scored as GFP-positive. Both 
EpCAM-positive and EpCAM-negative subpopulations 
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Informed consent statement
The study protocol was explained to the patients 
and volunteers before written informed consent was 
obtained.

Statistical analysis
All statistical analysis was performed using JMP Pro 
12.2.0 (SAS Institute, Cary, NC, United States). Non-
parametric comparisons were performed using the 
Wilcoxon signed-rank test, with a normal approximation. 
ROC analysis was performed to examine the difference 
between GFP fluorescence intensity and cell size in 
the blood samples of patients versus those in healthy 
volunteers. Cox proportional hazards analysis was 
used to investigate risk factors for survival, and to 
calculate overall and relapse-free survival rates. P ≤ 
0.05 was considered statistically significant. 

RESULTS
Patient characteristics and pathological findings
The clinicopathological characteristics of 65 patients 
(46 men and 19 women; mean age 60.7 years; range 
33-76 years) are summarised in Table 1. The median 
follow-up period for the surviving patients was 60 mo. 
Fifty-seven of the 65 patients underwent pathological 
curative surgery, and of these patients, 10 experienced 
disease recurrence. Fifteen patients died. Twenty-
nine patients had distal gastrectomy, 32 had total 
gastrectomy, and four had exploratory laparotomy. 
Twenty of the 57 patients that underwent curative 
surgery also received adjuvant chemotherapy, and nine 
of these 20 patients received therapeutic chemotherapy 
after disease recurrence. 

Gallery of GFP-positive cancer cell lines after OBP-401 
infection 
After OBP-401 infection, GFP-positive cancer cell lines 
were detected (Figure 1A).

Comparison of GFP fluorescence intensity between cell 
lines and blood cells
The GFP fluorescence intensity [mean equivalent 
fluorochrome (MEFL)] of the cell lines and the GFP-
positive cells detected in the peripheral blood samples 
are shown in Figure 1B. MEFL was higher in cell lines 
than in the GFP-positive cells in the peripheral blood 
samples from either healthy volunteers or patients 
with gastric cancer. In turn, MEFL was higher in GFP-
positive cells from patients with gastric cancer than in 
the corresponding cells from healthy volunteers. 

Comparison of GFP fluorescence intensity and cell 
diameter between patients and volunteers
The GFP fluorescence intensity and diameter of 
cells isolated from the peripheral blood samples are 

were found in these cells, consistent with the finding 
that tumour cells undergoing EMT can be EpCAM-
negative[18]. 

Institutional review board statement and clinical trial 
registration 
The study was approved by the Institutional Review 
Board of the Showa University, Northern Yokohama 
Hospital (No. 0903-03). This study was registered with 
the University Hospital Medical Information Network in 

Table 1  Patient characteristics and clinical findings

Variable Number of 
patients

Sex Male 46
Female 19

Age (yr; mean, range) 58.8; 33-76
Gastrectomy Distal 29

Total 32
None   4

Surgical curability R0 57
R1   0
R2   8

Clinical course Survival without relapse 47
Survival after relapse   2

Survival after non-curative 
surgery

  1

Decease 15
Recurrence site 
(including overlap)

None 47

Remnant stomach   1
Hematogenous   5

Lymphatic   4
Peritoneal dissemination   5

Non-curative surgery   8
Postoperative 
chemotherapy

None 37

Adjuvant chemotherapy 11
Adjuvant and therapeutic 

chemotherapy
  9

Therapeutic chemotherapy after 
non-curative surgery

  8

TNM stage I 40
II   6
III 10
IV   9

Depth of tumour 
invasion

T1 36

T2   8
T3   9
T4 12

Lymph node 
metastasis

N0 39

N1   5
N2   6
N3 15

Distant metastasis M0 56
M1   9

Main histological type Differentiated 25
Undifferentiated 40

Lymphatic invasion L0 35
L1 26
LX   4

Venous invasion V0 35
V1-2 26
VX   4
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shown in Figure 1C and D. Based on ROC analyses, 
we defined cells with 78600927 MEFL or higher 
GFP fluorescence intensity and 7.7418 µm or larger 
diameter as the CTCs.

Association of CTCs with pathological findings
An increased number of CTCs was associated with 
disease progression. There was statistically significant 
difference in the number of CTCs between samples 
from patients with Stage Ⅰ and those from patients 
with Stage Ⅲ disease (P = 0.0460, Figure 2A). The 
number of CTCs also tended to increase concomitantly 
with progression of the primary tumour, as there was a 
statistically significant difference in the number of CTCs 
between samples from patients with T1 and those 
from patients with T4 tumours (P = 0.0335, Figure 
2B). There was also a statistically significant difference 

in the number of CTCs between samples from patients 
with N0 and those with N2 lymph node spread status 
(P = 0.0381, Figure 2C). However, there was no 
significant difference in the number of CTCs between 
samples from patients with distant metastases 
and those in which distant metastasis was absent 
(P = 0.4667, Figure 2D). The number of CTCs was 
also higher in samples from patients with lymphatic 
invasion, although there was no significant difference 
compared to patients without this clinical feature (P 
= 0.1297, Figure 2E). Similarly, although the number 
of CTCs in samples from the patients with venous 
invasion was higher than those in samples without this 
complication, the difference was not significant (P = 
0.0558, Figure 2F). Finally, we observed no significant 
difference in the number of CTCs in samples from 
patients with differentiated tumours when compared to 
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Figure 1  Comparison of green fluorescent protein fluorescence intensity and cell diameter. A: Gallery of GFP-positive cell lines. The cell lines used were 
A549, HepG2, HEC-1, KATO-III, SBC-3, LNCaP, MDA-MB-468, and OVCAR-3; B: Comparison of GFP fluorescence intensity of cultured cell lines and blood cells 
from healthy volunteers and gastric cancer patients. The bottom and top of the box represent the lower and upper quartiles, and the band across the box shows the 
median. The lower and upper bars at the ends of the whiskers show the lowest data point and the highest data point, respectively. The cell lines used were A549, 
HepG2, HEC-1, KATO-III, SBC-3, LNCaP, MDA-MB-468 and OVCAR-3; C: Comparison of GFP fluorescence intensity between patients and healthy volunteers; D: 
Comparison of cell diameter between patients and healthy volunteers. To determine the cut-off line, we used ROC analysis to compare the GFP fluorescence intensity 
and diameter of cells from gastric cancer patients with those of healthy volunteers. Cells from the patients with gastric cancer had higher GFP intensities than those 
from the healthy volunteers (cut-off 78600927 MEFL sensitivity 82.5 %, specificity 39.7 %, and AUC 0.602). The diameters of GFP-positive cells in samples from 
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GFP: Green fluorescent protein.
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those with undifferentiated malignancies (P = 0.7752, 
Figure 2G).

Overall and relapse-free survival
The overall survival rate of patients who had more 
than five CTCs (66.2%) was lower than that of patients 
who had five or less CTCs (80.5%); however, this 
difference was not significant (P = 0.183, Figure 3A). 
The relapse-free survival rate of patients who had 
more than five CTCs (64.3%) was significantly lower 
than that of patients who had five or less CTCs (88.3%) 

(P = 0.034, Figure 3B). 

Prognostic factor for survival
We investigated prognostic factors related to patient 
survival by using Cox proportional hazards analysis. 
Univariate analysis showed that fStage was, in some 
cases, a significant factor (fStage Ⅱ, P = 0.196; 
fStage Ⅲ, P = 0.0003; fStage Ⅳ, P < 0.0001). In 
contrast, the presence of more than five CTCs was not 
a significant factor (P = 0.183). Multivariate analysis 
including these two factors showed fStage to be the 
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Figure 2  Relationship between circulating tumour cell number and pathological findings. Dots indicate the numbers of CTCs in each patient blood sample. 
The bottom and top of the box represent the lower and upper quartiles, and the band across the box shows the median. The lower and upper bars at the ends of the 
whiskers show the lowest data point within 1.5 interquartile ranges of the lower quartile, and the highest data point within 1.5 interquartile ranges of the upper quartile, 
respectively. The green bar shows the average. A: Disease stage (Stages 1-4 indicate disease progression); B: Depth of tumour invasion (T1-T4 indicate increasing 
depth); C: Lymphatic metastasis (N0-3 indicate number of metastatic lymph nodes); D: Distant metastasis (M0 = negative, M1 = positive); E: Lymphatic invasion (L0 = 
negative, L1 = positive); F: Venous invasion (V0 = negative, V1-V2 = positive); G: Histological type (differentiated and undifferentiated types). A: Relationship between 
CTC number and disease stage; B: Relationship between CTC number and T category. The number of CTCs tended to increase with progression of primary tumour. 
There was a statistically significant difference in the number of CTCs between samples from patients with T1 and those from patients with T4 status (P = 0.0335); C: 
The relationship between CTC number and N category. There was a statistically significant difference in the number of CTCs between samples from patients with N0 
and those from patients with N2 classification (P = 0.0381); D: Relationship between CTC number and M category. There was no significant difference in the number 
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Relationship between CTC number and histological type. There was no significant difference in the number of CTCs between samples from patients with differentiated 
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only significant factor (fStage Ⅱ, P = 0.182; fStage Ⅲ, 
P = 0.0004; fStage Ⅳ, P < 0.0001), and the number 
of CTCs (more than five) to be non-significant (P = 
0.847) (Table 2). 

Risk factor for relapse after curative surgery
We also investigated factors for increased risk of re-
lapse by Cox proportional hazards analysis. Univariate 
analysis showed that certain fStages were significant 
risk factors (fStage Ⅱ, P = 0.337; fStage Ⅲ, P = 
0.0001; fStage Ⅳ, P = 0.005). However, the presence 
of more than 5 CTCs had no significant influence 
on relapse rates (P = 0.052). Multivariate analysis 
including these two factors showed fStage to be the 
only significant factor (fStage Ⅱ, P = 0.343; fStage Ⅲ, 
P = 0.001; fStage Ⅳ, P = 0.004), whereas the number 
of CTCs was non-significant (P = 0.350, Table 3). 

DISCUSSION
Here, we used a telomerase-specific adenoviral agent 
to detect CTCs to avoid relying on the heterogeneous 
expression of epithelial markers in CTCs undergoing 
EMT. The enumeration of CTCs is particularly important 

in gastric cancer, which is the second leading cause 
of cancer-related death worldwide. Our current data 
indicate that detection of CTCs may indeed be a useful 
prognostic indicator for use in patients with gastric 
cancer, and are consistent with previous reports[25,26].

Our previous preliminary study showed that 
the number of CTCs isolated from cancer patients 
was related to surgical and pathological disease 
progression. Specifically, there were more CTCs in 
samples from patients with Stage Ⅲ than in those with 
Stage Ⅰ disease. The CTC count was also higher in 
patients with tumour depth T4 than in those with T1, 
and in individuals with lymph node metastasis status 
N2 versus those with N0. In addition, we found that 
the number of CTCs was associated with disease stage 
and relapse after curative surgery in gastric cancer 
patients. In the current study, the relapse-free survival 
rate of patients who had more than five CTCs was 
significantly lower than that of patients who had five 
or less. The overall survival rate of patients with more 
than five CTCs tended to be lower than that of the 
patients with five or less; in this case, however, the 
difference was not statistically significant. The number 
of CTCs was not an independent risk factor for either 
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Figure 3  Overall and relapse-free survival. A: The overall survival rate of 65 patients was compared using Cox proportional hazards analysis. Although there 
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CTCs: Circulating tumour cells.

Table 2  Risk factors for prognosis of patients (n  = 65)

Variable Univariate analysis Multivariate analysis

Hazard ratio 95%CI P  value Hazard ratio 95%CI P  value
Number of high 
telomerase activity cells
   ≤ 5 1.0 1.0
   > 5    2.069  0.693-5.744 0.183     0.900  0.294-2.591 0.847
fStage
   fStage Ⅰ 1.0 1.0
   fStage Ⅱ    7.097  0.281-179.3 0.196     7.106  0.281-179.6 0.182
   fStage Ⅲ 25.18  4.053-482.6    0.0003b 26.17  4.017-510.6    0.0004b

   fStage Ⅳ 83.57 14.86-1567 < 0.0001b 85.76 14.91-1623 < 0.0001b

bP < 0.01.
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overall or relapse-free survival. However, we suggest 
this may be due to the relatively small sample size we 
studied, and that examination of larger cohorts might 
reveal a more significant impact of CTC number on 
these clinical parameters. Cancer stem cells (CSCs) in 
the blood of cancer patients are increasingly viewed as 
important determinants of cancer metastasis[27,28] and 
prognosis[29]. Given that CSCs have high telomerase 
activity, and share many of the molecular hallmarks of 
EMT[30], we suggest that our CTC assay could be used 
to detect both CSCs and CTCs during EMT.

One limitation of our study is that we could not 
achieve maximal sensitivity and specificity with regard 
to CTC detection. The definition of CTCs in this study 
was based on the threshold of GFP fluorescence 
intensity and cell diameter. However, these criteria 
resulted in a significant overlap between the data of 
healthy volunteers and those of cancer patients. More 
studies that compare healthy individuals with a larger 
population of patients with different cancer types are 
needed to clarify the suitability of CTC detection for 
clinical use. Another limitation of our study was that 
we did not determine the metastatic potential of the 
CTCs that we detected. Ideally, the functions of CTCs 
should be analysed after cell sorting, and CTCs with 
metastatic potential could be identified using additional 
tools such as DNA ploidy analysis[31,32]. Furthermore, 
gene expression profiling of CTCs, primary tumours, 
and metastatic tumours will also provide important 
insight into the mechanisms responsible for cancer 
metastasis. In summary, CTCs are useful predictors of 
disease progression in gastric cancer patients, but they 
do not constitute an independent prognostic factor.

In conclusions, CTC number tended to increase 
with surgical and pathological disease progression. 
Although not an independent risk factor, a higher 
number of CTCs was significantly correlated with 
disease relapse in gastric cancer after curative surgery. 
However, our study analysed only a small number of 
participants, and whether all the CTCs we detected 
have true metastatic potential was not determined. 
Further studies with a larger number of participants 
are therefore required to confirm the findings of this 
study. 
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Abstract
AIM
To evaluate the efficacy and safety of nitrous oxide-
sedated endoscopic ultrasound-guided fine needle 
aspiration. 

METHODS
Enrolled patients were divided randomly into an experi-
mental group (inhalation of nitrous oxide) and a control 
group (inhalation of pure oxygen) and heart rate, blood 
oxygen saturation, blood pressure, electrocardiogram 
(ECG) changes, and the occurrence of complications 
were monitored and recorded. All patients and phy-
sicians completed satisfaction questionnaires about 
the examination and scored the process using a visual 
analog scale. 

RESULTS
There was no significant difference in heart rate, blood 
oxygen saturation, blood pressure, ECG changes, or 
complication rate between the two groups of patients 
(P  > 0.05). However, patient and physician satisfaction 
were both significantly higher in the nitrous oxide 
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compared with the control group (P  < 0.05).

CONCLUSION
Nitrous oxide-sedation is a safe and effective option for 
patients undergoing endoscopic ultrasound-guided fine 
needle aspiration.

Key words: Endoscopic ultrasonography; Nitrous oxide; 
Sedation; Fine needle aspiration
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Core tip: Endoscopic ultrasonography (EUS) has been 
widely used in the diagnosis and treatment of gastrointe-
stinal tract and pancreaticobiliary diseases. However, 
EUS-guided fine needle aspiration (EUS-FNA) is a 
time-consuming procedure associated with pain and 
discomfort. Nitrous oxide, also known as laughing 
gas, is a colorless, short-acting inhaled agent that can 
produce anesthetic, analgesic, and anxiolytic effects. 
Safety and efficacy of nitrous oxide-sedated EUS-FNA. 
However, inhaled nitrous oxide has no effect on heart 
or lung function and patients remain awake, and this 
thus represents a feasible mode of sedation for EUS. 
The current study aimed to establish the safe.
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INTRODUCTION
Endoscopic ultrasonography (EUS) has been widely 
used in the diagnosis and treatment of gastrointestinal 
tract and pancreaticobiliary diseases. However, 
EUS-guided fine needle aspiration (EUS-FNA)[1-6] is 
a time-consuming procedure associated with pain 
and discomfort. Painless EUS can reduce patient 
suffering and thus make patients more likely to accept 
the examination. Intravenous anesthetic agents 
including benzodiazepine-opioid drugs and propofol 
are commonly used, but their respiratory-inhibitory 
effects limit their application[7]. Furthermore, most EUS 
procedures require water injection into the digestive 
tract, which increases the risk of aspiration during 
anesthesia. Nitrous oxide, also known as laughing 
gas, is a colorless, short-acting inhaled agent that can 
produce anesthetic, analgesic, and anxiolytic effects. 
However, inhaled nitrous oxide has no effect on heart 
or lung function and patients remain awake, and this 
thus represents a feasible mode of sedation for EUS[7]. 
The current study aimed to establish the safety and 
efficacy of nitrous oxide-sedated EUS-FNA.

MATERIALS AND METHODS
Study subjects
The inclusion criteria for the study were patients who 
required EUS-FNA and agreed to sedation with nitrous 
oxide. Patients were excluded if they exhibited any 
of the following contraindications to nitrous oxide se-
dation or EUS: (1) intending to get pregnant or in the 
first trimester of pregnancy; (2) coma; (3) within 1 
wk of gas cerebral angiography; (4) diving diseases 
or a recent history of diving activities; (5) middle 
ear diseases; (6) pneumothorax, pulmonary cystic 
fibrosis, or chronic debilitating weakness due to other 
respiratory disorders; (7) intestinal obstruction; (8) 
history of gastrointestinal surgery; (9) history of sinus 
or nasal-septum surgery; (10) need for endoscopic 
treatment; (11) American Society of Anesthesiology 
(ASA) grade > 3; and (12) blood oxygen saturation 
< 95% and systolic blood pressure < 90 mmHg as 
displayed on the monitor.

This study was approved by the Institutional 
Review Board and Ethics Committee of China Medical 
University (clinical trial registration number: ChiCTR-
OCC-15005853). All patients voluntarily provided 
written informed consent for their participation in this 
study. The operator performing the EUS-FNA procedure 
in this study was familiar with the technique.

Equipment
The following equipment was used: a nitrous oxide 
sedation system (AII 5000C; Shenzhen Security Tech-
nology Co., Ltd., China) (Figure 1); a patient monitor 
(PM-7000; Mindray); an ultrasound scanner (EUB 6500, 
Hitachi, Tokyo, Japan); a linear array echo-endoscope 
(Pentax EG3830UT, Japan); and a 22-gauge needle (EUS 
N-22-T, Wilson-Cook, United States).

Study design
This was a prospective, randomized, controlled clinical 
study. The patients were divided into an experimental 
group and control group using a random-number 
table. The experimental group received nitrous oxide 
inhalation, with the inspiratory flow of nitrous oxide 
adjusted according to the depth of sedation (range of 
nitrous oxide concentrations 30%-70%). The control 
group received oxygen inhalation at a concentration 
of 100% and flow rate of 2-3 L/min. Patients were 
placed in the left lateral recumbent position during the 
endoscopic procedure and EUS-FNA was performed 
using a linear array echo-endoscope (Figure 2). 
This was a single-blind study and the patients were 
unaware of the identity of the inhaled gas. Patients 
with unsuccessful EUS were excluded from the current 
study.

Patient monitoring
This study trained auxiliary nurses who adjusted the 
inhalation flow of nitrous oxide during the endoscopic 
operation, under the guidance of a physician, and 
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who provided nursing care for the patients. All the 
physicians in this study were trained in cardiopulmonary 
resuscitation and tracheal intubation, ensuring that 
patients received timely basic cardiac life support. 
Patients’ blood pressure, oxygen saturation, and heart 
rates were monitored closely, and the monitor set off an 
alarm if the oxygen saturation dropped to < 95% or the 
heart rate decreased to < 50 beats/min (bpm). Blood 

pressure was measured automatically every 3 min, and 
the monitor alarm went off if the systolic blood pressure 
was < 90 mmHg. Continuous electrocardiogram (ECG) 
monitoring was performed in all patients. The auxiliary 
nurse helped to observe patients’ thoracic movements 
and respiratory rates, and assisted endoscopic phy-
sicians to adjust the nitrous oxide inhalation flow 
promptly according to the depth of sedation, the 
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Figure 1  Nitrous oxide sedation system (AII 5000C; Shenzhen Security Technology Co., Ltd., China).

A

D

B

C

Figure 2  Patients were placed in the left lateral recumbent position during the endoscopic procedure and endoscopic ultrasonography-guided fine needle 
aspiration was performed using a linear array echo-endoscope. A: Patients were placed in the left lateral recumbent position during the endoscopic procedure 
and endoscopic ultrasonography-guided fine needle aspiration was performed using a linear array echo-endoscope; B: A 22G needle was used to puncture the 
pancreatic lesion; C: The lesion was in the body of the pancreas; D: The diagnosis of histology was adenocarcinoma. 
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RESULTS
A total of 2877 patients required EUS examinations 
from March 1 2015 to May 31 2016, of whom 42 
patients who required EUS-FNA were enrolled in 
the study (1.5%) according to the above criteria. 
There were 21 patients in the control group (pure 
oxygen group) and 21 patients in the experimental 
group (nitrous oxide group). There was no significant 
difference in ASA, age, or sex between the two groups. 
One patient failed to finish the EUS examination 
(difficulty in passing through the throat), and was 
excluded from the current study. The remaining 
41 patients (20 in the control group and 21 in the 
experimental group) completed the examination and 
the relevant questionnaires, including 16 women 
and 25 men, average age 42.4 years, (range, 27-69 
years). The average time to completion of EUS-
FNA was 29 min (range, 14-47 min). The maximal 
concentration of nitrous oxide used varied among 
cases and ranged from 30%-70%.

The ECG monitoring results are shown in Table 
1. Among the 21 patients in the nitrous oxide group 
who completed the examination, one patient (4.8%) 
experienced temporary oxygen desaturation and 
one experienced hypoxemia (4.8%). The symptoms 
resolved immediately after termination of nitrous 
oxide inhalation and inhalation of pure oxygen, with 
no decline in oxygen saturation after the restart 
of nitrous oxide inhalation. No patients developed 
severe hypoxemia, bradycardia (heart rate < 50 
bpm), systolic blood pressure < 90 mmHg during the 
examination process, or tachycardia (heart rate > 120 
bpm). There was no significant difference in heart rate, 
oxygen saturation level, or ECG changes between the 
two groups.

The results of the questionnaires completed by 
the physicians and patients are listed in Table 2 and 
the VAS scores are listed in Table 3. All physicians 
and patients completed the questionnaires. Physician 
and patient satisfaction with the examination process 
was significantly higher in the nitrous oxide group 
compared with the pure oxygen group (patient scores 
87 vs 72, t = 4.702, P < 0.05; physician scores 91 
vs 70, t = 10.163, P < 0.05). Among the 21 patients 
in the nitrous oxide group, 18 (85.7%) were willing 
to receive the same examination again if required, 
compared with only 9 of 20 (45%) in the control group.

DISCUSSION
EUS has been widely used in the diagnosis and 
treatment of digestive tract diseases. It can get 
closer to the common bile duct and pancreas than 
transabdominal ultrasound, thus avoiding interference 
from digestive tract gases and resulting in clearer 
imaging, and is considered to be preferable to com-
puted tomography and magnetic resonance imaging 

specific circumstances of the patients, and examination 
during endoscopic operation. The auxiliary nurses were 
also responsible for monitoring the patients until 10 
min after the termination of nitrous oxide inhalation to 
ensure that their vital signs were stable.

Safety evaluation
Patients were monitored closely and the following 
negative events were recorded: oxygen desaturation 
(oxygen saturation < 95%, but ≥ 90%), hypoxia 
(oxygen saturation < 90%, but ≥ 85%), severe 
hypoxemia (oxygen saturation < 85%), hypotension 
(systolic blood pressure < 90 mmHg), bradycardia 
(heart rate < 50 bpm), and tachycardia (heart rate > 
120 bpm).

Patients and endoscopists completed questionnaires 
regarding their degree of satisfaction with the 
examination process, and scored them on a visual 
analog scale (VAS) scale. The following questions 
were included: (1) evaluation of the operation by the 
endoscopist: (smooth, ordinary, not smooth); (2) 
patient discomfort during the operation process (slight, 
moderate, severe); (3) patient tolerance with the 
examination process (good, medium, and low); and (4) 
willingness to receive the same examination again if 
needed (yes, no).

Treatment of complications
The endoscopy procedure was suspended and the 
inhalation of nitrous oxide in the experimental group 
was reduced or suspended and replaced by inhalation 
of pure oxygen if the patients experienced blood 
oxygen saturation < 95%, systolic blood pressure < 
90 mmHg, or a heart rate < 50 bpm. If the above 
parameters were immediately restored to normal 
levels, the operation was continued and patients 
in the experimental group were given inhalational 
nitrous oxide at a slightly reduced flow rate than 
before. However, if the above-mentioned parameters 
persisted for > 1 min, the operation was terminated. 
If patients in the experimental group showed signs 
of excessive inhalation, nitrous oxide was reduced or 
terminated and replaced by oxygen inhalation. Signs 
of excessive inhalation of nitrous oxide included the 
following: disappearance of original signs of comfort 
and relaxation; new or sudden intolerance, dizziness, 
vertigo, agitation, or irritability; repeated or ambiguous 
words and poor response to verbal commands; 
fixation of eyes and unresponsiveness; sleepiness and 
difficulty keeping eyes open, or drowsy; dreaming or 
fantasizing; uncontrolled laughter; stopping breathing; 
or nausea and vomiting.

Statistical analysis
All the measured data were presented as means. All 
analyses were performed using SPSS 16 statistical 
software.
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for the diagnosis of small pancreatic lesions. Numerous 
studies have demonstrated unique advantages of 
EUS for the diagnosis of gastrointestinal submucosal 
tumors. Furthermore, EUS-FNA is the first choice 
of diagnostic procedure in many diseases, such as 
pancreatic, gastrointestinal subepithelial, and me-
diastinal lesions[1-6]. However, the use of a long hard 
endoscope means that it is much more uncomfortable 
than general gastroscopy, and cannot be tolerated 
by some patients. Although EUS can be performed 
under intravenous propofol anesthesia, some lesions 
can only be displayed clearly after gastric infusion of 
water, which increases the risk of aspiration during 
intravenous propofol anesthesia. The success rate of 
EUS could therefore be improved by establishing a 
method for reducing pain and discomfort and increasing 
patient tolerance.

Nitrous oxide is an inhaled sedative and analgesic 
agent, which passes through the blood-brain barrier 
into the brain and functions by inhibiting excitatory 
neurotransmitter release and nerve impulse conduction 
in the central nervous system, and altering the per-
meability of ion channels. Nitrous oxide does not 
stimulate the respiratory tract or bind to hemoglobin, 
and does not cause respiratory depression or damage 
heart, lung, liver, or kidney function. Nitrous oxide 
sedation is currently used widely in clinical situations, 
including in emergency surgery, dentistry, childbirth, 
abortion and curettage, and pediatrics, and can also be 
applied for gastrointestinal endoscopic sedation. Nitrous 
oxide-sedated endoscopy examinations have been 
shown to be safe and effective[8-22], and nitrous oxide 
has proven a safe and effective choice for colonoscopy 
sedation and analgesia[8-10,12,17,19-22]. However, nitrous 

oxide is rarely used for EUS. Lan et al[8] compared 
the diagnostic accuracy, safety, complications, and 
patient and examiner satisfaction among different 
sedation approaches in patients undergoing upper 
gastrointestinal endoscopy. Patients in the nitrous oxide 
sedation group reported greater satisfaction with the 
endoscopy procedure than patients in the conventional 
group (no sedation), with overall better tolerance and 
less pain, nausea, and vomiting (P < 0.05). A review of 
11 studies by Welchman et al[9] concluded that nitrous 
oxide provided comparable analgesia to intravenous 
sedation for patients undergoing colonoscopy. Wang 
et al[10] first mentioned the use of nitrous oxide in 
EUS, and concluded that it offered a comfortable, 
safe and feasible option, especially for procedures 
requiring irrigation. Michaud and Gottrand[13] showed 
that the time taken to regain consciousness was 
short following nitrous oxide sedation, which could 
effectively meet the sedative requirements for children 
undergoing gastroscopic examination, thus providing 
a valuable alternative method of sedation. Michaud 
et al[14] compared the sedative effects of propofol and 
nitrous oxide in patients undergoing colonoscopy, and 
showed that both agents had similar sedative and 
pain-relieving effects, facilitated the operation, and 
shortened recovery time. In addition, nitrous oxide has 
demonstrated minimal effects on nerve function and 
therefore does not affect the patient’s ability to drive[15]. 

In this study, we monitored heart rate, blood 
oxygen saturation, blood pressure, and ECG in patients 
undergoing EUS under nitrous oxide sedation. Nitrous 
oxide had minimal effects on all these parameters, 
similar to the effects of pure oxygen. Patient and 
endoscopist satisfaction surveys and VAS scores 

Table 1  Electrocardiogram changes in patients during examination

Group Heart rate Oxygen saturation Significant change in 
electrocardiogram> 120 bpm < 50 bpm Oxygen desaturation Hypoxia Severe hypoxia

Experimental 0 0 1 1 0 0
Control 2 0 1 2 0 0
P value > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05

Table 2  Results of questionnaire

Group Evaluation by physicians Patient discomfort Patient tolerance

Steady Ordinary Not steady Mild Moderate Severe Good Medium Poor
Experimental 17 3 1 18 2   1 18 3 0
Control 11 2 8   6 3 12   9 5 7
P value < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

Table 3  Patient and physician visual analog scale scores for examination process

Group Patient satisfaction score Physician satisfaction score Willing to receive same examination again n  (%)

Experimental 87 91  18 (85.7)
Control 72 70 9 (45)
P value < 0.05 < 0.05 < 0.05
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indicated that the use of nitrous oxide significantly 
increased patient tolerance to EUS. Nitrous oxide 
sedation therefore represents a safe and effective 
choice in patients undergoing EUS-FNA.

COMMENTS
Background
Endoscopic ultrasonography (EUS) has been widely used in the diagnosis and 
treatment of gastrointestinal tract and pancreaticobiliary diseases. However, 
EUS-guided fine needle aspiration (EUS-FNA) is a time-consuming procedure 
associated with pain and discomfort. Nitrous oxide, also known as laughing 
gas, is a colorless, short-acting inhaled agent that can produce anesthetic, 
analgesic, and anxiolytic effects. However, inhaled nitrous oxide has no effect 
on heart or lung function and patients remain awake, and this thus represents 
a feasible mode of sedation for EUS. The current study aimed to establish the 
safety and efficacy of nitrous oxide-sedated EUS-FNA.

Research frontiers
Nitrous oxide, also known as laughing gas, is a colorless, short-acting inhaled 
agent that can produce anesthetic, analgesic, and anxiolytic effects. However, 
inhaled nitrous oxide has no effect on heart or lung function and patients remain 
awake, and this thus represents a feasible mode of sedation for EUS. It is the 
first time to establish the safety and efficacy of nitrous oxide-sedated EUS-FNA.
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Nitrous oxide-sedated endoscopy examinations have been shown to be safe 
and effective, and nitrous oxide has proven a safe and effective choice for 
colonoscopy sedation and analgesia. However, nitrous oxide is rarely used for 
EUS. In this study, the authors monitored heart rate, blood oxygen saturation, 
blood pressure, and electrocardiogram (ECG) in patients undergoing EUS 
under nitrous oxide sedation. Nitrous oxide had minimal effects on all these 
parameters, similar to the effects of pure oxygen. Patient and endoscopist 
satisfaction surveys and visual analog scale (VAS) scores indicated that the use 
of nitrous oxide significantly increased patient tolerance to EUS.

Applications
In this study, the authors monitored heart rate, blood oxygen saturation, blood 
pressure, and ECG in patients undergoing EUS under nitrous oxide sedation. 
Nitrous oxide had minimal effects on all these parameters, similar to the effects 
of pure oxygen. Patient and endoscopist satisfaction surveys and VAS scores 
indicated that the use of nitrous oxide significantly increased patient tolerance 
to EUS. Nitrous oxide sedation therefore represents a safe and effective choice 
in patients undergoing EUS-FNA.
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Nitrous oxide-sedation is a safe and effective option for patients undergoing 
endoscopic ultrasound-guided fine needle aspiration.
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Abstract
There are diverse protocols to manage patients with 
recurrent disease after primary cytoreductive surgery 
(CRS) with hyperthermic intraperitoneal chemotherapy 
(HIPEC) for peritoneal carcinomatosis. We describe 
a case of metachronous liver metastasis after CRS 
and HIPEC for colorectal cancer, successfully treated 
with a selective metastectomy and partial graft of the 
inferior vena cava. A 35-year-old female presented 
with a large tumour in the cecum and consequent 
colonic stenosis. After an emergency right colectomy, 
the patient received adjuvant chemotherapy. One year 
later she was diagnosed with peritoneal carcinomatosis, 
and it was decided to carry out a CRS/HIPEC. After 
2 years of total remission, an isolated metachronous 
liver metastasis was detected by magnetic resonance 
imaging surveillance. The patient underwent a third 
procedure including a caudate lobe and partial inferior 
vena cava resection with a prosthetic graft interposition, 
achieving an R0 situation. The postoperative course 
was uneventful and the patient was discharged on 
postoperative day 17 after the liver resection. At 
18-mo follow-up after the liver resection the patient 
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“En bloc” caudate lobe and inferior vena cava resection 
following cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy for peritoneal and liver 
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remained free of recurrence. In selected patients, the 
option of re-operation due to recurrent disease should 
be discussed. Even liver resection of a metachronous 
metastasis and an extended vascular resection are 
acceptable after CRS/HIPEC and can be considered as 
a potential treatment option to remove all macroscopic 
lesions.

Key words: Cytoreductive surgery; Liver resection; 
Hyperthermic intraperitoneal chemotherapy; Colorectal 
cancer; Liver metastasis

© The Author(s) 2016. Published by Baishideng Publishing 
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Core tip: Treatment of liver recurrence after a cyto-
reductive surgery and hyperthermic intraperitoneal 
chemotherapy is a great challenge. We report here 
the case of a young patient with metachronous liver 
metastases who was treated with a limited resection of 
segment Ⅰ of the liver and vascular graft interposition 
of the inferior vena cava achieving a long-term survival. 
The surgical approach of these patients is extremely 
complicated and often requires complex major surgical 
procedures.

Sánchez-Velázquez P, Moosmann N, Töpel I, Piso P. “En 
bloc” caudate lobe and inferior vena cava resection following 
cytoreductive surgery and hyperthermic intraperitoneal 
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INTRODUCTION
Peritoneal carcinomatosis (PC) is the second most 
common presentation of metastatic colorectal cancer 
and is diagnosed in up to 4%-6% of these cases. 
Twenty five percent of these patients have the peri-
toneum as the only site of disseminated disease[1]. 
PC was traditionally considered the last stage of the 
disease and was associated with a poor prognosis 
so that patients were often relegated to palliative 
systemic therapies. In recent decades multimodal PC 
treatment has made great advances; cytoreductive 
surgery (CRS), hyperthermic intraperitoneal chemo-
therapy (HIPEC) and systemic chemotherapy have 
shown promising results and have become standard 
therapy for PC patients in several countries[2-7]. Various 
studies have reported that patients undergoing CRS 
with total macroscopic cytoreduction and HIPEC may 
achieve prolonged overall survival and potentially even 
a complete cure in selected patients[4,8,9].

Up to 80% of patients with PC of colorectal origin 
treated with CRS and HIPEC are likely to recur[10,11]. 
In selected cases the possibility of a reoperation 

due to recurrence or even an extensive abdominal 
surgical procedure can be individually assessed. The 
data available on this approach show favourable long-
term outcomes with similar morbidity and mortality 
to that of initial CRS/HIPEC[12-15]. Simultaneous or 
staged combined CRS and liver resections have also 
been performed with comparable morbidity and long-
term results[16]. In this report we describe the case 
of a young female patient with metachronous liver 
metastasis after CRS and HIPEC for colorectal cancer 
successfully treated by a selective liver and vascular 
resection.

CASE REPORT
A 35-year-old female was referred to our emergency 
unit in February 2011, presenting with abdominal dis-
tension, pain, and vomiting for 3 d. Her medical history 
was only remarkable for asthma. Abdominal computed 
tomography (CT) was performed and revealed a large 
tumor in the cecum with consecutive colonic stenosis. 
The patient underwent an emergency right colectomy, 
and an R0 situation was achieved. Pathologic examina-
tion showed pT4a pN2a (4/22) cM0 poorly differenti-
ated adenocarcinoma. Between March and August 
2011 she received 12 cycles of adjuvant FOLFOX (folinic 
acid, 5-fluorouracil, and oxaliplatin). In February 2012 
a CT scan identified lesions in the peritoneum with 
suspicions of peritoneal carcinomatosis. Our multidis-
ciplinary tumour board decided on pursuing CRS with 
HIPEC. Abdominal exploration revealed widespread 
peritoneal carcinomatosis, especially in the pelvis 
and a large tumor mass in the left sub-diaphragmatic 
region with a peritoneal cancer index (PCI) of 14. Total 
parietal and diaphragmatic peritonectomy, proctocolec-
tomy with an end ileostomy, terminal ileum resection, 
splenectomy, omentectomy, hysterectomy and bilat-
eral salpingo-oophorectomy (CCR-0) were performed 
to remove the macroscopic tumor. HIPEC was carried 
out to treat the microscopic residual with mitomycin 
C, according to the closed-abdomen technique. The 
postoperative course was uneventful and the patient 
was duly discharged from hospital. At this time, no fur-
ther chemotherapy was recommended as the patient 
had completed adjuvant chemotherapy after the first 
operation and a R0 situation was achieved. Adjuvant 
systemic chemotherapy, according to our institution 
protocols, is performed only in chemo naïve patients. 
From February 2012 until June 2014 the patient stayed 
free from recurrence. In July 2014 abdominal mag-
netic resonance imaging (MRI) surveillance revealed 
a solid tumor in segment 1 of the liver (Figure 1) so 
the patient underwent explorative laparotomy. During 
the procedure no evidence of a peritoneal recurrence 
was shown but many adhesions were found from the 
previous operations. A 4 cm tumor was identified in 
the caudate hepatic lobe infiltrating the inferior vena 
cava (IVC). The distal cava was mobilized towards the 
left renal vein and was divided at a level free of tumor 
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(Figure 2A). Liver segment 1 was transected following 
the clamp-crushing technique and ICV cranial to the 
tumor was dissected and divided under the major 
suprahepatic trunks. Vascular continuity was restored 
using a prosthetic graft interposition sutured with a 
running suture of prolene 5/0 onto the proximal and 
distal IVC (Figure 2B). The postoperative course was 
mainly uncomplicated except for right pleural effusion, 
initially managed conservatively with diuretic therapy, 
and later by thoracocentesis. The patient was finally 
discharged on the 17th postoperative day. Patho-
logical examination revealed a poorly differentiated 
adenocarcinoma with identical immunohistochemical 
phenotype as previously. At this point it was decided 
not to continue with chemotherapy, as a CCR-0 situa-
tion had been surgically achieved and the patient had 
completed the 12-cycle adjuvant treatment in the past 
(Table 1). Eighteen months after metastasis resection 
of the liver and 4 years after CRS and HIPEC, the 
patient shows no evidence of neoplastic disease.

DISCUSSION
After initial CRS and HIPEC, recurrences are mostly 
intra-abdominal, even if complete cytoreduction is 
achieved[17]. Protocols differ among the different 

institutions, thus a number of different treatments 
are applied in high-volume centres, including che-
motherapy, tumour debulking or re-do surgery for 
intraadominal metastasis.

The presence of synchronous liver metastases 
(LM) and PC was traditionally a contraindication for 
cytoreductive surgery. However, it has been shown 
that selected patients with low PCI and three or fewer 
LM can achieve prolonged survival if a liver resection is 
performed simultaneously[16,18]. A recent meta-analysis 
by Cuba et al[19] shows improved overall survival (OS) 
in patients who were treated with CRS and HIPEC 
and curative treatment of LM as compared to patients 
treated with modern systemic chemotherapy alone.

Nevertheless, it remains unclear which approach 
should be used in patients with isolated metachronous 
LM, as in our case report. Iterative cytoreductive sur-
gery is feasible in cases of recurrence and appears to 
be worthwhile in terms of long-term outcomes[20]. The 
study by Sugarbaker and colleagues was on one of 
the largest series and included 70 patients with PC of 
colorectal origin[15]. This study showed that 53% of the 
patients had at least one reoperation after the initial 
cytoreduction. The overall survival of patients with 
repeated surgery approach was significantly longer (39 
mo vs 20 mo). Brouquet et al[13] reported on a cohort 
of 20 patients with repeat CRS + intraperitoneal che-
motherapy (IPC) for isolated peritoneal tumour recur-
rence of all origins. Five- and 10-year overall survival 
(OS) rates were 72.5% and 58.1% respectively.

Even though they studied selected groups of 
patients, the studies by Sugarbaker and Brouquet 
underline the possibility of highly favourable outcomes 
and even long-term survival in palliative patients with 
recurrence of peritoneal carcinomatosis.

In this context, the study by Kianmanesh et al[12] 
included 43 patients with PC of colorectal cancer origin 
who underwent CRS/HIPEC and specifically evaluated 
the role of simultaneous liver resection. They con-
cluded that patients with colorectal PC, iterative CRS 
and HIPEC achieved appreciable long-term survival 
and that liver metastasis resection did not negatively 
influence the postoperative outcomes. However, they 
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Figure 1  Magnetic resonance imaging shows an isolated liver metastasis in caudate lobe of the liver.

A B
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Figure 2 Distal inferior vena cava. A: Tumor mass infiltrating the inferior 
vena cava (ICV) at the bifurcation of the renal veins (vessel loop); B: Vascular 
interposition graft after partial resection of the IVC.
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did not specify whether an extended vascular resection 
was performed or if liver resections were performed in 
cases of metachronous LM.

Achieving complete cytoreduction in most cases 
is challenging and implies an aggressive approach 
combining major surgical procedures not exempt 
from complications. In selected cases, as in the one 
presented here, the option of re-do surgery for liver 
metastasis is feasible. Even extended vascular resec-
tion is acceptable after CRS/HIPEC and can be consid-
ered as a potentially curative treatment option. Early 
detection of tumour recurrence through a close follow-
up is essential, as well as a multidisciplinary assess-
ment of patient selection. The patients should then 
be referred to a centre specialized in the treatment of 
peritoneal and liver metastases. In the present case, 
staged resection of both metastatic sites achieved 
long-term survival for a young female patient. To our 
knowledge, this is this first report on liver resection 
due to metachronous liver metastases following CRS 
and HIPEC.

COMMENTS
Case characteristics
A 35-year-old patient with liver recurrent disease after an extended 
cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC) 
procedure.

Clinical diagnosis
Abdominal magnetic resonance imaging (MRI) diagnosed the liver recurrence 
in the follow-up.

Differential diagnosis
There is no possible differential diagnosis in this case.

Laboratory diagnosis
All labs were within normal limits.
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Imaging diagnosis
MRI showed a solid tumor in segment 1 of the liver.

Pathological diagnosis
pT4a pN2a (4/22) cM0 poorly differentiated adenocarcinoma.

Treatment
Complete surgical excision of lesion.

Related reports
There are currently no other reports of surgical excision of a liver metastasis in 
the caudate lobe two years after a cytoreductive surgery.

Experiences and lessons
The report is good example of patient tailored treatment in cases where 
guidelines are missing or suggest only palliative or best supportive care. It is 
also novel to perform such an extensive surgery after cytoreductive surgery and 
HIPEC.

Peer-review
The paper is well written.
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802-808

8 Elias D, Gilly F, Boutitie F, Quenet F, Bereder JM, Mansvelt B, 
Lorimier G, Dubè P, Glehen O. Peritoneal colorectal carcinomatosis 
treated with surgery and perioperative intraperitoneal chemotherapy: 
retrospective analysis of 523 patients from a multicentric French 
study. J Clin Oncol 2010; 28: 63-68 [PMID: 19917863 DOI: 
10.1200/JCO.2009.23.9285]

9 Koppe MJ, Boerman OC, Oyen WJ, Bleichrodt RP. Peritoneal 
carcinomatosis of colorectal origin: incidence and current treatment 
strategies. Ann Surg 2006; 243: 212-222 [PMID: 16432354 DOI: 
10.1097/01.sla.0000197702.46394.16]

10 Cavaliere F, De Simone M, Virzì S, Deraco M, Rossi CR, 
Garofalo A, Di Filippo F, Giannarelli D, Vaira M, Valle M, Pilati P, 
Perri P, La Pinta M, Monsellato I, Guadagni F. Prognostic factors 
and oncologic outcome in 146 patients with colorectal peritoneal 
carcinomatosis treated with cytoreductive surgery combined with 
hyperthermic intraperitoneal chemotherapy: Italian multicenter 
study S.I.T.I.L.O. Eur J Surg Oncol 2011; 37: 148-154 [PMID: 
21093205 DOI: 10.1016/j.ejso.2010.10.014]

11 Mirnezami R, Moran BJ, Harvey K, Cecil T, Chandrakumaran K, 
Carr N, Mohamed F, Mirnezami AH. Cytoreductive surgery and 
intraperitoneal chemotherapy for colorectal peritoneal metastases. 
World J Gastroenterol 2014; 20: 14018-14032 [PMID: 25320542 

DOI: 10.3748/wjg.v20.i38.14018]
12 Kianmanesh R, Scaringi S, Sabate JM, Castel B, Pons-Kerjean 

N, Coffin B, Hay JM, Flamant Y, Msika S. Iterative cytoreductive 
surgery associated with hyperthermic intraperitoneal chemotherapy 
for treatment of peritoneal carcinomatosis of colorectal origin with 
or without liver metastases. Ann Surg 2007; 245: 597-603 [PMID: 
17414609 DOI: 10.1097/01.sla.0000255561.87771.11]

13 Brouquet A, Goéré D, Lefèvre JH, Bonnet S, Dumont F, 
Raynard B, Elias D. The second procedure combining complete 
cytoreductive surgery and intraperitoneal chemotherapy for 
isolated peritoneal recurrence: postoperative course and long-term 
outcome. Ann Surg Oncol 2009; 16: 2744-2751 [PMID: 19626375 
DOI: 10.1245/s10434-009-0611-5]

14 Vassos N, Förtsch T, Aladashvili A, Hohenberger W, Croner 
RS. Repeated cytoreductive surgery (CRS) with hyperthermic 
intraperitoneal chemotherapy (HIPEC) in patients with recurrent 
peritoneal carcinomatosis. World J Surg Oncol 2016; 14: 42 [PMID: 
26912149 DOI: 10.1186/s12957-016-0804-x]

15 Bijelic L, Yan TD, Sugarbaker PH. Treatment failure following 
complete cytoreductive surgery and perioperative intraperitoneal 
chemotherapy for peritoneal dissemination from colorectal or 
appendiceal mucinous neoplasms. J Surg Oncol 2008; 98: 295-299 
[PMID: 18726900 DOI: 10.1002/jso.21084]

16 Maggiori L, Goéré D, Viana B, Tzanis D, Dumont F, Honoré C, 
Eveno C, Elias D. Should patients with peritoneal carcinomatosis of 
colorectal origin with synchronous liver metastases be treated with a 
curative intent? A case-control study. Ann Surg 2013; 258: 116-121 
[PMID: 23207243 DOI: 10.1097/SLA.0b013e3182778089]

17 Verwaal VJ, Boot H, Aleman BM, van Tinteren H, Zoetmulder FA. 
Recurrences after peritoneal carcinomatosis of colorectal origin treated 
by cytoreduction and hyperthermic intraperitoneal chemotherapy: 
location, treatment, and outcome. Ann Surg Oncol 2004; 11: 375-379 
[PMID: 15070596 DOI: 10.1245/ASO.2004.08.014]

18 Elias D, Faron M, Iuga BS, Honoré C, Dumont F, Bourgain JL, 
Dartigues P, Ducreux M, Goéré D. Prognostic similarities and 
differences in optimally resected liver metastases and peritoneal 
metastases from colorectal cancers. Ann Surg 2015; 261: 157-163 
[PMID: 24509197 DOI: 10.1097/SLA.0000000000000582]

19 de Cuba EM, Kwakman R, Knol DL, Bonjer HJ, Meijer GA, 
Te Velde EA. Cytoreductive surgery and HIPEC for peritoneal 
metastases combined with curative treatment of colorectal liver 
metastases: Systematic review of all literature and meta-analysis of 
observational studies. Cancer Treat Rev 2013; 39: 321-327 [PMID: 
23244778 DOI: 10.1016/j.ctrv.2012.11.003]

20 Esquivel J, Sugarbaker PH. Second-look surgery in patients with 
peritoneal dissemination from appendiceal malignancy: analysis 
of prognostic factors in 98 patients. Ann Surg 2001; 234: 198-205 
[PMID: 11505065 DOI: 10.1097/00000658-200108000-00009]

P- Reviewer: Hoskovec D, Levine EA, Peng SY, Tentes AA, 
van Oudheusden TR    

S- Editor: Qi Y    L- Editor:A    E- Editor: Liu WX  

10253 December 14, 2016|Volume 22|Issue 46|WJG|www.wjgnet.com

Sánchez-Velázquez P et al . Caudate lobe resection after CRS and HIPEC



Response of BRCA1-mutated gallbladder cancer to olaparib: 
A case report

Yuan Xie, Yan Jiang, Xiao-bo Yang, An-qiang Wang, Yong-chang Zheng, Xue-shuai Wan, Xin-ting sang, 
Kai Wang, Da-Dong Zhang, Jia-Jia Xu, Fu-gen Li, Hai-tao Zhao

Yuan Xie, Xiao-bo Yang, An-qiang Wang, Yong-chang 
Zheng, Xue-shuai Wan, Xin-ting sang, Hai-tao Zhao, 
Department of Liver Surgery, Peking Union Medical College 
Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Beijing 100730, China

Yan Jiang, Da-Dong Zhang, Jia-Jia Xu, Fu-gen Li, Institute of 
Precision Medicine, 3D Medicines Inc, Shanghai 201114, China

Kai Wang, Center for Precision Medicine, Zhejiang University 
International Hospital, Hangzhou 310000, Zhejiang Province, 
China

Author contributions: Xie Y and Jiang Y contributed equally to 
this work; Yang XB, Wang AQ, Zheng YC, Wan XS followed up 
the patient; Wang K, Zhang DD, Xu JJ provided genetic analysis 
for the variants tested in the patient; Li FG analyzed the genetic 
data and revised the manuscript; Sang XT and Zhao HT provided 
financial support for this work; Xie Y and Jiang Y wrote the 
paper; all authors have read and approved the final manuscript. 

supported by International Science and Technology Cooperation 
Projects, No. 2015DFA30650 and No. 2010DFB33720; 
Capital Special Research Project for Health Development, No. 
2014-2-4012; and Capital Research Project for the Characteristics 
Clinical Application, No. Z151100004015170.

Institutional review board statement: The publication of this 
manuscript has been reviewed and approved by the PUMCH 
institutional review board.

Informed consent statement: The patient and his family 
signed informed consent before gene test and drug treatment.

conflict-of-interest statement: We declare that the authors 
have no conflict of interest. 

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/

Manuscript source: Unsolicited manuscript

correspondence to: Hai-tao Zhao, MD, Department of 
Liver Surgery, Peking Union Medical College Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical 
College, 1 Shuaifuyuan, Wangfujing, Beijing 100730, 
China. zhaoht@pumch.cn
telephone: +86-10-69156042 
Fax: +86-10-69156042

Received: July 31, 2016
Peer-review started: August 1, 2016
First decision: August 19, 2016
Revised: September 1, 2016
Accepted: September 28, 2016
Article in press: September 28, 2016
Published online: December 14, 2016

Abstract
gallbladder cancer (gbc), although considered as a rela-
tively rare malignancy, is the most common neoplasm 
of the biliary tract system. the late diagnosis and 
abysmal prognosis present challenges to treatment. 
the overall 5-year survival rate for metastatic gbc 
patients is extremely low. bRcA1  and bRcA2  are the 
breast cancer susceptibility genes and their mutation 
carriers are at a high risk for cancer development, both 
in men and women. Olaparib, an oral poly ADP-ribose 
polymerase inhibitor, has been approved by the Food 
and Drug Administration and the European commission 
for the treatment of ovarian cancer with any bRcA1/2  
mutations. the first case of a bRcA1 -mutated gbc 
patient who responded to olaparib treatment is reported 
here.

Key words: bRcA; Mutation; Olaparib; Poly ADP-ribose 
polymerase inhibitor; gallbladder cancer 
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Core tip: gallbladder cancer (gbc) is the most common 
neoplasm of the biliary tract system. bRcA1 , the first 
major breast cancer susceptibility gene, has been widely 
studied in breast and ovarian cancers. Olaparib, an oral 
poly ADP-ribose polymerase (PARP) inhibitor, has been 
approved by the Food and Drug Administration and 
the European commission for the treatment of ovarian 
cancer with any bRcA1/2  mutations. However, there 
is no report of a germline bRcA1  functional mutation 
in gbc prior to this case. Even further, the gbc with 
a bRcA1  mutation responded to the PARP inhibitor 
olaparib.

Xie Y, Jiang Y, Yang XB, Wang AQ, Zheng YC, Wan XS, Sang 
XT, Wang K, Zhang DD, Xu JJ, Li FG, Zhao HT. Response of 
BRCA1-mutated gallbladder cancer to olaparib: A case report. 
World J Gastroenterol 2016; 22(46): 10254-10259  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i46/10254.htm  DOI: http://dx.doi.org/10.3748/wjg.v22.i46.10254

INTRODUCTION
Gallbladder cancer (GBC) derives from the mucosal 
epithelial lining of the gallbladder and the cystic 
duct. It is a relatively rare malignancy, but is the most 
frequent malignant neoplasm of the biliary tract 
system. Epidemiological studies have demonstrated 
that the incidence of GBC is characterized by remarkable 
geographic distribution and ethnic disparities. The 
incidence is extraordinarily high in American Indians, 
elevated in Southeast Asia and quite low elsewhere in 
the Americas[1]. Although GBC limits in Southeast Asia, 
with increasing global migration, the incidence is also 
increasing in the west, and spreads worldwide. The 
prognosis of GBC is dismal and the median survival 
for locally advanced GBC with non-surgical treatment 
is about 8 mo[2]. Some patients detected incidentally 
during routine cholecystectomy for cholelithiasis have 
a long-term survival, but they only account for 2% 
of all cases with GBC[3]. Clinically, the adjuvant treat-
ment for GBC is gemcitabine or 5-fluorouracil-based 
chemotherapy, with or without radiotherapy[4]. Even 
though the response rate remains low, there is no 
effective treatment. Here we report that a BRCA1-
mutated GBC patient responded to the poly ADP-
ribose polymerase inhibitor (PARPi) olaparib.

CASE REPORT
A 74-year-old man, with a past history of primary 
hypertension, atrial fibrillation, coronary disease and 
cholelithiasis, presented with epigastric pain. The 
patient underwent a robot-assisted prostate cancer 
surgery on November 29, 2013, and his mother had 

died of esophageal cancer. Computed tomography 
(CT) of the abdomen revealed multiple low-density 
intrahepatic lesions as well as the gallbladder lesion on 
May 7, 2015. PET-CT revealed multiple hypermetabolic 
intrahepatic lesions apart from the porta hepatis 
on May 14, 2015. A laparoscopic exploration was 
performed and an intrahepatic biopsy was conducted 
on May 26, 2015. Histologic examination indicated 
GBC (Figure 1). Considering the dismal prognosis and 
his poor physical condition, systemic chemotherapy 
was not preferred. After having obtained consent from 
the patient and his family, we tested the tissue. Two 
specimens from different liver metastases and a blood 
sample were sent for next generation sequencing 
panel. We detected all genomic alteration types on 
over 390 genes commonly associated with cancers 
and found a somatic MET P1086A mutation in one of 
two liver metastases, but there was no literature to 
confirm this was a functional mutation. Bioinformatics 
analysis also suspected MET P1086A could have an 
impact on MET function. However, we also detected 
a germinal BRCA1 Q858* mutation in both liver me-
tastases and further Sanger sequencing confirmed 
this result (Figure 2). Furthermore, the patient’s 
offspring and siblings also had been screened for BRCA 
mutation from their saliva samples, and some family 
members were also BRCA1 Q858* mutation carriers 
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Figure 1  Histologic examination indicated gallbladder cancer with hepatic 
infiltration.
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Figure 2  Genomic images from the integrated genome viewer for the 
alteration in BRCA1 found in the patient’s blood sample. The number of 
reads for the reference allele and variant allele are shown for each alteration.



(Figure 3). The nonsense mutation may lead to the 
premature termination of BRCA1 protein translation 
and nonsense-mediated mRNA decay, and the loss-of-
function disenables its involvement in transcriptional 
regulation of gene expression and repair of DNA 
damage, particularly double-strand breaks[5]. Several 
studies have demonstrated that BRCA1 mutations 
increase the risks of breast, ovarian, prostate and 
pancreatic cancer[5-7]. Poly ADP-ribose polymerase 
(PARP) inhibitors have been studied as potential cancer 
therapeutics by means of inhibiting base excision 
repair (BER) as well as by trapping PARP[8,9]. A number 
of clinical trials have shown patients with germline 
BRCA1/2 mutations, especially in breast and ovarian 
cancer, to receive PARP inhibitor olaparib with survival 
benefit[10-12]. Based on the gene alteration testing 
report and the clinical trial studies, the patient was 
started on olaparib 400 mg twice daily on July 21, 
2015 (Figure 4). The patient could tolerate the dose, 
and subsequently his pain was relieved significantly. 
On August 23, 2015, CT of the abdomen revealed 
the shrinkage of both intra- and extra-hepatic lesions 
and some extra-hepatic lesions even appeared to be 
invisible (Figure 5). The patient responded well to 
olaparib until the occurrence of obstructive jaundice. 
On October 9, 2015, CT of the abdomen indicated 

that intrahepatic lesions had dwindled; nevertheless, 
extrahepatic lesions became large and progressed 
(Figure 6). Subsequently, percutaneous transhepatic 
cholangiodrainage was performed to reduce the 
serum bilirubin level and the olaparib treatment was 
suspended from that time. We intended to resume 
olaparib treatment in combination with platinum agents 
at a later date. Unfortunately, the patient passed away 
as a result of severe biliary tract infection on November 
25, 2015. 

DISCUSSION
Like other cancers, substantial molecular alterations 
in genes contribute to the pathogenesis of GBC. 
Hitherto, in GBC, over 1450 single nucleotide variants, 
34 deletions have been reported. The most frequent 
mutations are TP53 (18%-63%), KRAS, ERRB3 and 
ERBB2 (HER2)[13]. BRCA1, the first major breast 
cancer susceptibility gene, has been widely studied 
in breast and ovarian cancers. However, there is no 
report of germline BRCA1 functional mutation in GBC 
prior to this case. Even further, the GBC with a BRCA1 
mutation responded to the PARP inhibitor olaparib.

Association of BRCA1/2 mutations with susceptibility 
to breast and ovarian cancer has been investigated for 
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Figure 3  Pedigree of 74-year-old man affected by gallbladder cancer found to be carrier of BRCA1 gene mutation (indicated with arrow). Black denotes 
carrier of BRCA1 mutation.

Figure 4  Baseline (July 21, 2015) computed tomography of the abdomen revealed many intra- and extra-hepatic lesions before initiating olaparib 
treatment.
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the Food and Drug Administration and European 
Commission for the treatment of ovarian cancer with 
any BRCA1/2 mutations in 2014. Olaparib, by means 
of blocking BER, can convert single-strand DNA breaks 
to double-strand breaks, which gives rise to selective 
death of HR-deficient tumor cells. Mounting evidence 
has indicated that BRCA-mutated cancers are highly 
sensitive to PARP inhibitors and platinum agents. 
Compared with wild-type cells, BRCA-mutated cells 
are 1000-fold and 5-fold more sensitive to PARPi and 
platinum agents, respectively[18,19].

In this case, we observed that the intrahepatic 
lesions had a favorable response to olaparib, while 
the extrahepatic lesions had a progression with the 
emergence of olaparib resistance. Despite the fact 
that olaparib holds considerable promise in targeted 
therapies for BRCA-mutated breast or ovarian 
cancers, drug resistance has became a potential 
issue. So far, several resistance mechanisms have 
been proposed. Olaparib-triggered secondary BRCA 
mutations are perhaps considered as the most well-
validated mechanism in patients; others include up-
regulation of PgP transporter, loss of 53BP1 as well as 
PARP expression[20-22]. The comprehensive genomic 
alteration testing may provide novel clinical strategies 
for personalized therapy in advanced GBC. More 

years. It is estimated that about 60% of women with 
BRCA1/2 mutations have developed breast cancer[14]. 
A woman who carries a germline BRCA1/2 mutation 
could be 5 times more likely to develop breast cancer 
than one who does not carry any BRCA1/2 mutation[15]. 
Men who have BRCA1/2 mutations are more likely to 
have prostate or pancreatic cancers. Men are 3.5 times 
and 8.6 times more likely to develop prostate cancer 
for BRCA1 and BRCA2 mutation carriers by age 65, 
respectively[16]. Similar to prostate cancer, BRCA1/2 
poses a risk of pancreatic cancer development. Overall, 
BRCA1 mutation increases the risk by 0- to 4.11-fold, 
while the BRCA2 mutation increases the risk by 2.13- 
to 21.7-fold[17].

The BRCA proteins play a pivotal role in repair of 
double-strand DNA breaks via homologous recom-
bination (HR). Due to deficiency in BRCA proteins, 
BRCA-mutated cells are not capable of locating the 
DNA recombinase RAD51 to damaged DNA and hence 
are unable to perform HR efficiently. Subsequently, 
an error-prone DNA repair mechanism, such as non-
homologous end joining, is compelled to be used by 
cells, which often leads to cell death. BER, as one 
of the single-strand DNA break repair mechanisms, 
is crucial to address damaged single-strand DNA. 
Olaparib is an oral PARPi, and it was approved by 

Figure 6  Two and half months post-olaparib treatment (October 9, 2015). Computed tomography of the abdomen indicated that intrahepatic lesions dwindled; 
nevertheless, extrahepatic lesions became large and progressed.

Figure 5  One month post-olaparib treatment (August 23, 2015). Computed tomography of the abdomen revealed shrinkage in both the intra- and extra-hepatic 
lesions and extra-hepatic lesions even appeared to be invisible.
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mechanisms regarding chemoresistance are expected 
to be explored and understood in the future, which will 
help develop strategies to re-sensitize tumor cells to 
PARPi and improve the long-term effectiveness.

COMMENTS
Case characteristics
A 74-year-old man, with a past history of primary hypertension, atrial fibrillation, 
coronary disease and cholelithiasis, presented with epigastric pain.

Clinical diagnosis
The physical examination revealed tenderness of the epigastrium, without 
rebound tenderness and muscle tonus.

Differential diagnosis
Hepatocellular carcinoma, intrahepatic cholangiocarcinoma, metastatic lesions 
of non-hepatic origins, gallbladder cancer (GBC).

Laboratory diagnosis
The blood test for tumor markers revealed elevation of carbohydrate antigen 
19-9 (4815.0 U/mL) and carcinoembryonic antigen (12.5 ng/mL), while alpha-
fetoprotein and prostate specific antigen were within normal limits. The blood 
test for liver function revealed elevation of total bilirubin (23.0 μmol/L) and direct 
bilirubin (9.2 μmol/L), while alanine aminotransferase was within normal limits 
and the test for hepatitis virus was negative.

Imaging diagnosis
Computed tomography (CT) revealed multiple low-density intrahepatic lesions 
as well as the gallbladder lesion. Positron emission tomography-CT (PET-
CT) revealed multiple hypermetabolic intrahepatic lesions apart from the porta 
hepatis.

Pathological diagnosis
Pathological examination revealed GBC with hepatic infiltration.

Treatment
The patient underwent a laparoscopic exploration and an intrahepatic biopsy. 
Two specimens from different liver metastases and a blood sample were sent 
for next generation sequencing panel. A germinal BRCA1 Q858* mutation in 
both liver metastases was detected and further Sanger sequencing confirmed 
this result. Based on the gene alteration testing report and the clinical trial 
studies, the patient was started on olaparib 400 mg twice daily.

Related reports
There is no report of germline BRCA1 functional mutation in GBC prior to this 
case. Even further, the GBC with a BRCA1 mutation responded to the poly 
ADP-ribose polymerase (PARP) inhibitor olaparib.

Term explanation
BRCA1, the first major breast cancer susceptibility gene, has been widely 
studied in breast and ovarian cancers; their mutation carriers are at a high risk 
for cancer development. Olaparib, an oral PARP inhibitor (PARPi), has been 
approved by the Food and Drug Administration and European Commission for 
the treatment of ovarian cancer with any BRCA1/2 mutations. 

Experiences and lessons
This case report describes the response of a germline BRCA1-mutated GBC 
patient to the PARPi olaparib. While the comprehensive genomic alteration 
testing may provide novel clinical strategies for personalized therapy in 
advanced GBC, drug resistance has become a potential issue. More 
discoveries concerning the mechanisms for chemoresistance will help develop 
strategies to re-sensitize tumor cells to PARPi and improve the long-term 
effectiveness.

Peer-review
This is a very interesting case report. In this manuscript, the authors reported a 
74-year-old man, with a past history of primary hypertension, atrial fibrillation, 
coronary disease and cholelithiasis, who presented with epigastric pain.
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Abstract
Schwannomas are mesenchymal neoplasms with low 
malignant potential that arise from Schwann cells. They 
can occur almost anywhere, although the most common 
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locations are the head, neck and extremities. Primary 
benign schwannoma of the hepatoduodenal ligament is 
rare. To date, only three cases have been reported in 
the English literature. In the present study, we report 
a case of hepatoduodenal ligament schwannoma in a 
43-year-old male, who was admitted to our hospital 
because of a abdominal mass found by physical 
examination. It was hard to determine the definitive 
location and diagnosis of the mass using ultrasound, 
computed tomography and magnetic resonance cholan-
giopancreatography. During laparotomy, the mass was 
found in the hepatoduodenal ligament and close to 
the cholecystic duct, so we resected the gallbladder 
and cholecystic duct along with the mass. The gross 
specimen revealed an 8.5 cm × 5.5 cm × 3.0 cm 
localized tumor. Microscopic examination showed that 
the tumor was mainly composed of spindle-shaped 
cells. Immunohistochemical staining showed a strong 
positive S-100 protein reaction. Finally, the lesion was 
diagnosed as a benign schwannoma in the hepato-
duodenal ligament. However, one month later, the 
patient was readmitted to our hospital because of 
skin and sclera jaundice caused by common bile duct 
stenosis without common bile duct stone or tumor. 
The patient recovered well after implantation of a 
common bile duct stent under endoscopic retrograde 
cholangiopancreatography. He was followed up for 
a period of 17 mo, during which he was well with no 
complications.

Key words: Schwannoma; Hepatoduodenal ligament; 
Endoscopic retrograde cholangiopancreatography; 
Laparotomy; Jaundice

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: To date, only three cases of the hepato-
duodenal ligament schwannomas have been reported 
in the English literature. We present the fourth 
hepatoduodenal ligament schwannoma. It is challenging 
to determine the location and obtain a precise diagnosis 
prior to operation. Following complete tumor excision, 
patients with benign schwannomas generally have 
a good prognosis. Common bile duct stenosis after 
resection of the schwannoma in hepatoduodenal 
ligament has not been reported and we present the 
first one cured by implanting a common bile duct stent 
under endoscopic retrograde cholangiopancreatography. 
We also conduct a literature review so as to deepen the 
understanding of the subject.

Xu SY, Sun K, Xie HY, Zhou L, Zheng SS, Wang WL. 
Schwannoma in the hepatoduodenal ligament: A case report 
and literature review. World J Gastroenterol 2016; 22(46): 
10260-10266  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i46/10260.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i46.10260

INTRODUCTION
Schwannomas are neurogenic tumors originating 
from the Schwann cells in nerve sheaths[1]. They can 
occur in patients at all ages with no obvious gender 
difference. As revealed by cytogenetic analysis, most 
schwannomas showed either monosomy 22 or loss of 
22q material[2]. More than 90% of schwannomas are 
benign and comprise about 5% of benign soft-tissue 
neoplasms[3,4]. They can arise in almost every location, 
although the most common sites are the head, neck 
and extremities[5]. Schwannomas in the hepatoduodenal 
ligament are uncommon and only three cases have 
been reported in the English literature[6-8]. Patients 
with schwannomas in the hepatoduodenal ligament 
are normally asymptomatic and the tumors are found 
incidentally. We present a case of hepatoduodenal 
ligament schwannoma in a 43-year-old male and 
review the literature. He is believed to be the first 
patient with subsequent common bile duct stenosis 
after complete removal of hepatoduodenal ligament 
schwannoma and to be cured by implantation of a 
common bile duct stent under endoscopic retrograde 
cholangiopancreatography (ERCP).

CASE REPORT
On November 21, 2014, a 43-year-old male was 
admitted to our hospital for physical examination. 
His abdomen was soft, lax and nondistended without 
evidence of a palpable mass. His family history had no 
significant disease. Laboratory results were normal. 
Ultrasound (US) revealed an 8.3 cm × 5.2 cm, well-
defined hypodense lesion, between the pancreatic 
head and portal vein. No blood flow signal was found 
within the mass by Color Doppler US. An unenhanced 
computed tomography (CT) scan showed an 8.2 cm 
× 5.1 cm well-defined cystic and solid mass above 
the pancreatic head and adjacent to the common 
hepatic artery. The pancreaticoduodenal artery was 
compressed by the mass. On contrast-enhanced CT, 
the mass showed no obvious enhancement (Figure 
1B). Computed tomography angiography showed that 
the blood supply of the tumor was probably from the 
branches of the pancreaticoduodenal artery (Figure 
1C). Magnetic resonance cholangiopancreatography 
(MRCP) showed that the mass was inhomogeneous 
and hyperintense on T2-weighted images and probably 
located in the pancreatic head, and the middle-low 
segment of the common bile duct was compressed 
(Figure 2). According to the imaging examinations, an 
abdominal mass was primarily considered.

After sufficient preoperative preparation, explora-
tory laparotomy was performed. We found a mass 
surrounded by a fibrous capsule in the hepatoduo-
denal ligament, closely adjacent to the gallbladder, 
cholecystic duct, common bile duct, portal vein, right 
hepatic artery, duodenum and postcava, without biliary 
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duct dilatation. The tumor blood supply was mainly 
from the surrounding vessels of the duodenum. We 
carefully separated these tissues around the tumor 
and ligated the tumor blood vessels. However, the 
mass and cholecystic duct were too close to separate, 
so we resected the gallbladder and cholecystic duct 
along with the mass. Intraoperative frozen-section 
pathology could not offer an accurate diagnosis and 
only suggested a soft-tissue tumor.

Macroscopically, there was a mass in the hepato-
duodenal ligament 8.5 cm × 5.5 cm × 3.0 cm in size 
and yellowish-white in color. Microscopically, the tumor 
had a capsule that was adjacent to the cholecystic 
duct (Figure 3A) and mainly consisted of spindle-
shaped cells with no atypia, compatible with a benign 
schwannoma with both hypercellular and hypocellular 
areas visible (Figure 3B). Immunohistochemical 
investigation showed that protein S-100 was positive 
(Figure 3C), while CD34 (Figure 3D), CD117 and smooth 
muscle actin (SMA) were negative. Finally, the tumor 
was diagnosed as schwannoma in the hepatoduodenal 
ligament. After surgery, the patient recovered unevent-
fully and left the hospital 6 d later.

However, one month later, the patient was read-
mitted to our hospital because of skin and sclera 
jaundice without abdominal distension, abdominal 
pain, fever, nausea and vomiting. Laboratory results 
were: total bilirubin 113 μmol/L (0-21), direct bilirubin 
76 μmol/L (0-5), indirect bilirubin 37 μmol/L (3-14), 
aspartate transaminase 301 U/L (8-40), alanine 
transaminase 543 U/L (5-35), alkaline phosphatase 
452 U/L (40-150), γ-glutamyl transpeptidase (GGT) 
441 U/L (11-50) and creatinine 90 μmol/L (45-84). No 
other abnormal laboratory results were found. 

US showed that the intra- and extrahepatic bile 
ducts were expanded. The diameter of the initial 
segment of the common bile duct was 1.1 cm with 
no mass or stones in the duct. MRCP showed that the 
middle common bile duct segment was narrow and 
even interrupted, while the higher common bile duct 
segment and intrahepatic bile ducts were expanded 
(Figure 4). So, the patient was diagnosed with jaundice 
caused by common bile duct stenosis. Under ERCP, we 
implanted a stent into the strictured common bile duct 
(Figure 5). One day later, the patient recovered well 
and left our hospital. He was followed up for 17 mo, 
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A B

Figure 2  Magnetic resonance cholangiopancreatography findings. A: Magnetic resonance cholangiopancreatography (MRCP) showed that the mass (arrow) 
was inhomogeneous and hyperintense on T2-weighted images and probably located in the pancreatic head; B: The middle-low segment of the common bile duct was 
compressed.

Figure 1  Computed tomography findings. A: An unenhanced computed tomography (CT) scan showed an 8.2 cm × 5.1 cm well-defined cystic and solid mass 
(arrow) above the pancreatic head and adjacent to the common hepatic artery; B: On contrast-enhanced CT, the mass (arrow) showed no obvious enhancement; C: 
CT angiography showed that the tumor blood supply (arrow) was probably from branches of the pancreaticoduodenal artery.
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can arise almost anywhere, although the head, neck 
and extremities are the most common sites[10]. In the 
abdominal cavity, the retroperitoneum (6% of primary 
retroperitoneal tumors)[11] and stomach[12] are the most 
frequently involved sites. However, schwannomas in 
the ligaments[13], bowel mesentery[14] and abdominal 
organs including the gallbladder[15], pancreas[16] and 
liver[17] are rare. To the best of our knowledge, only 
three cases of schwannoma in the hepatoduodenal 
ligament have been reported[6-8]. The clinical chara-
cteristics of these cases including the present one are 
shown in Table 1. One patient was female and the 
other three patients were male, aged 62, 29, 50 and 
43 years, respectively (mean age, 46 years). One 
patient presented with pain in the right abdomen 
following trauma and a mass in the hepatoduodenal 
ligament was occasionally found by imaging. The 
remaining patients were all asymptomatic and the 
masses were found by routine physical examination. 
Although every patient received more than two 
imaging examinations, none was accurately diagnosed 
as schwannoma in the hepatoduodenal ligament 
preoperatively. 

Accurate preoperative diagnosis of the tumor is a 
huge challenge because neither the clinical symptoms 
nor the radiological characteristics of schwannomas are 
specific. Definitive diagnosis can only be determined 
by histopathological and immunohistochemical exa-
minations of surgical specimens. Schwannomas are 
encapsulated tumors that consist of hypercellular 

during which, he was well with no complications.

DISCUSSION
Schwannomas are neoplasms that originate from 
Schwann cells of nerve sheaths[9]. More than 90% 
of schwannomas are benign and comprise only 
approximately 5% of benign soft-tissue neoplasms[5]. 
Schwannomas can occur in patients at any age with no 
significant gender difference, but are most commonly 
found in patients between 20 and 50 years old[5]. They 

A B

C D

Figure 3  Microscopic examination and immunohistochemical staining. A: Microscopically, the tumor (red arrow) with a capsule (black arrow) was adjacent to 
the cholecystic duct (green arrow) (HE, × 200); B: The tumor mainly consisted of spindle-shaped cells with both hypercellular and hypocellular areas (HE, × 200). 
Immunohistochemical investigation showed that the tumor was positive for protein S-100 (C) and negative for CD34 (D) (HE, × 100). HE: Hematoxylin and eosin.

Figure 4  Magnetic resonance cholangiopancreatography findings after 
surgery. Magnetic resonance cholangiopancreatography showed that the 
middle common bile duct segment was narrow and even interrupted (arrow), 
while the higher common bile duct segment and intrahepatic bile ducts were 
expanded.
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(Antoni type A) and hypocellular (Antoni type B) 
areas, with varying amounts of these two histological 
components[8]. The former is composed of closely 
packed spindle cells with occasional nuclear palisading, 
as well as Verocay bodies. The latter consists of loosely 
arranged tumor cells and abundant myxoid stroma. 
Occasionally, these may degenerate and become 
cystic[8]. Immunohistochemically, schwannomas are 
strongly positive for S-100, and negative for desmin, 
smooth muscle myosin, SMA, CD34 and CD117[18]. 

Precise diagnosis of these tumors prior to operation 
is difficult. Multiple imaging modalities including 
US, CT and magnetic resonance imaging (MRI) can 
be performed to establish a probable diagnosis. 
Schwanommas are usually showed as well-defined 
hypodense lesions by US and no echoic enhancement is 
demonstrated by Color Doppler US[8]. On unenhanced 
CT, schwannomas are usually well-defined hypodense 
lesions with encapsulation and/or cystic degeneration. 
Schwannomas with high Antoni A areas appear 
inhomogeneous due to increased lipid content. Antoni 
B areas of schwannomas appear cystic and multisep-
tated and show low density due to loose stroma and 
low cellularity[2]. On contrast-enhanced CT, Antoni A 
areas are usually enhancing lesions, whereas Antoni 

B areas are frequently nonenhancing lesions[8]. On 
MRI, the schwanommas typically appear hypointense 
on T1-weighted images and inhomogeneous and 
hyperintense on T2-weighted images[2,19]. By outlining 
the degree of vascular involvement of the tumor, MRI 
is also useful to assess the potential biological behavior 
of these tumors as benign or malignant[19]. Endoscopic 
US (EUS) is helpful to clarify the location and nature of 
the mass[7]. In addition, celiac angiography can be used 
to indicate the arteries supplying the tumor[6]. EUS-
fine needle aspiration (FNA) may contribute to precise 
preoperative diagnosis. In a case reported by Li et al[20], 
a pancreatic schwannoma was accurately diagnosed 
preoperatively by EUS-FNA. In another report, three 
cases of asymptomatic retroperitoneal tumors were 
diagnosed as benign schwannomas by EUS-FNA, thus 
avoiding surgical resection[21].

Surgery can demonstrate the tumor site and be 
curative. In the present case, we found by laparotomy 
that the mass was located in the hepatoduodenal 
ligament and adjacent to important tissues and organs 
including the gallbladder, cholecystic duct, common 
bile duct, duodenum and postcava. The tumor vascular 
supply was mainly from the surrounding vessels of the 
duodenum. We carefully separated these tissues around 
the tumor and ligated the blood vessels. However, the 
mass and cholecystic duct was too close to separate, 
so the gallbladder and cholecystic duct were removed 
completely along with the tumor. Histopathological 
and immunohistochemical examinations of surgical 
specimens showed a schwannoma in the hepato-
duodenal ligament. However, 1 mo later, the patient 
was readmitted to our hospital because of jaundice and 
diagnosed with obstruction of the common bile duct 
without a mass or stones in the duct. Fortunately, the 
patient was cured by implantation of a common bile 
duct stent under ERCP.

In conclusion, schwannoma in the hepatoduodenal 
ligament is rare. We have presented the fourth hepato-
duodenal ligament schwannoma. It is a challenge to 
determine the location and obtain a precise diagnosis 
prior to surgery, although multiple imaging modalities 

Table 1  Clinical characteristic of the four patients with benign schwannoma in the hepatoduodenal ligament

Ref. Year Sex/age Symptom Imaging method No. Size (cm) Preoperative 
diagnosis

Treatment Follow-up 
(mo)

Status

Nagafuchi et al[6] 1993  F/62 Asymptomatic US, CT, ERC, 
CA

Solitary 9 × 5 × 4.5 NA Laparotomy 26 Survived

Pinto et al[7] 2011 M/29 Asymptomatic US, endoscopy, 
US, biopsy, MRI

Solitary 4.5 × 2.9 Spindle cell 
neoplasia or 

stromal tumor

Laparotomy NA NA

Tao et al[8] 2016 M/50 Right abdominal 
pain

US, CT Solitary 4.5 × 2.5 × 2.5 Stromal tumor Laparoscopic 
surgery

  7 Survived

Present case 2016 M/43 Asymptomatic US, CT, MRCP, 
CTA, ERCP

Solitary 8.5 × 5.5 × 3.0 Abdominal mass Laparotomy 17 Survived

NA: Not available; US: Ultrasound; CT: computed tomography; MRI: Magnetic resonance imaging; MRCP: Magnetic resonance cholangiopancreatography; 
CTA: Computed tomography angiography; ERC: Endoscopic retrograde cholangiography; CA: Celiac angiography; ERCP: Endoscopic retrograde 
cholangiopancreatography.

Xu SY et al . Schwannoma in the hepatoduodenal ligament

Figure 5  Endoscopic retrograde cholangiopancreatography. Under 
Endoscopic retrograde cholangiopancreatography, a stent was implanted into 
the strictured common bile duct.
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are used. Following complete tumor excision, patients 
with benign schwannomas generally have good 
prognosis. Common bile duct stenosis after resection 
of schwannoma in the hepatoduodenal ligament has 
not been reported previously. We have presented the 
first case to be cured by implantation of a common bile 
duct stent under ERCP.

COMMENTS
Case characteristics
A 43-year-old man was referred to our hospital because of an abdominal mass 
found by physical examination.

Clinical diagnosis
The abdomen was soft, lax and nondistended without evidence of a palpable 
mass.

Differential diagnosis
Abdominal sarcoma, abdominal neurogenic tumor, pancreatic cancer and 
cholangiocarcinoma.

Laboratory diagnosis
Before surgery, laboratory results were normal.

Imaging diagnosis
Ultrasound (US) revealed an 8.3 cm × 5.2 cm, well-defined hypodense 
lesion between the pancreatic head and portal vein. No blood flow signal 
was found within the mass by Color Doppler US. An unenhanced computed 
tomography (CT) scan showed an 8.2 cm × 5.1 cm well-defined cystic and 
solid mass above the pancreatic head and adjacent to the common hepatic 
artery. The pancreaticoduodenal artery was compressed by the mass. On 
contrast-enhanced CT, the mass showed no obvious enhancement. Computed 
tomography angiography showed that the blood supply of the tumor was 
probably from branches of the pancreaticoduodenal artery. Magnetic resonance 
cholangiopancreatography showed that the mass was inhomogeneous and 
hyperintense on T2-weighted images and probably located in the pancreatic 
head, with compression of the middle-low segment of the common bile 
duct. According to imaging examinations, an abdominal mass was primarily 
considered.

Pathological diagnosis
Microscopically, the tumor had a capsule and was adjacent to the cholecystic 
duct (Figure 3A), and mainly consisted of spindle-shaped cells with no atypia, 
compatible with a benign schwannoma with both hypercellular and hypocellular 
areas. Immunohistochemical investigation showed that the tumor was positive 
for protein S-100, but negative for CD34, CD117 and smooth muscle actin. 
Finally, the tumor was diagnosed as a schwannoma in the hepatoduodenal 
ligament.

Treatment
The patient underwent complete resection of the gallbladder and cholecystic 
duct along with the tumor in the hepatoduodenal ligament.

Related reports
Schwannoma in the hepatoduodenal ligament is rare. To date, only four cases 
have been reported in the English literature, including our case presented in 
this report.

Experiences and lessons
It is a challenge to determine the location and obtain a precise diagnosis prior 
to surgery, although multiple imaging modalities are used. Following complete 
tumor excision, patients with benign schwannomas generally have good 
prognosis. Common bile duct stenosis after resection of the schwannoma in 

hepatoduodenal ligament has not been reported and we present the first case 
to be cured by implantation of a common bile duct stent under endoscopic 
retrograde cholangiopancreatography.

Peer-review
This study highlights the diagnosis and treatment of a rare schwannoma in 
hepatoduodenal ligament and the authors also conducted a literature review so 
as to deepen the understanding of the subject. The information of this paper is 
valuable to the readers.
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